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Abstract 
A five stage systems life-cycle was adopted. Stage 1 involved a literature review and 
hierarchal tasks analysis of existing European and British heat stress standards. The 
literature review developed the rationale for the study by providing a knowledge- 
framework on human thermal environments and human thermoregulation. This was 
supplement by a review of occupational heat stress. 
Stage 2 consisted of a series of ten experiments conducted at the Human Thermal 
Environments Laboratory at Loughborough University to compare the validity of ISO 
7933 Required Sweat Rate (SWrcq) and Predicted Heat Strain (PHS) index predictions 
with observed physiological data. Comparisons were made between the predicted and 
observed sweat rates and the time it took core temperature to reach 38°C (Duration 
Limit Exposures). The results showed that neither the SWieq nor the modified SWreq 
model were valid predictors of Duration Limit Exposures (DLE) and predicted sweat 
rate for people wearing protective clothing in warm humid environments. The PHS 
DLE predictions were more representative of the ISO predictions than observed DLEs 
in all but one experiment. Although the PHS model predictions of sweat rate were an 
improvement on the ISO predictions, the model also significantly underestimated the 
observed sweat rates. 
Stage 3 provided the Exploratory Stage for the identification of appropriate ergonomic 
methods to collect the data necessary for the design, development and evaluation of a 
practical heat stress method for use in British Industry. A heuristic evaluation of the 
usability of ISO 7933 SWTeq was conducted. This found that the standard is 
unnecessarily scientific and may not encourage users to use it. The format and the 
information provided do not satisfy ergonomic guidelines of usability. The need for a 
more practical heat stress assessment methodology was identified. Stakeholder 
engagement through a practical field study of heat stress in a paper mill, together with 
informal interviews and discussion groups with potential users provided a framework 
for formulating the design, development of a prototype method. 
Stage 4 was the Design Stage. Expert discussion groups and the results of a postal 
questionnaire combined with the findings of Stage 3 provided for the user requirements 
and the functional specification of such a methodology to be established. This showed 
that a simple approach, together with additional information (e. g. expert systems, job 
aides etc) was required. A process flow diagram of heat stress risk assessment was 
developed as was a prototype Observation Checklist. 
In Stage 5 the Prototype Observation Checklist was evaluated in a comparative study 
with the Malchaire method (developed as part of the BIOMED II project). Although the 
Malchaire method was found to easier to use it did not meet the user's requirements. 
The outcome of Stage 5 was the development of a two part practical heat stress method. 
Both are based on simple checklists. Part A is concerned with identifying people who 
may be at added risk from working in the heat. Part B provides a checklist based on the 
six basic parameters of the human thermal environment; air and radiant temperature, 
humidity, air movement, clothing and metabolic rate. A score sheet is provided to allow 
users to identify factors of greatest risk. This forms part of a holistic approach to the 
Management, Assessment and Control (MA&C) of heat stress. Job aides such 
competency checklists, specimen record sheets and information for managers are also 
provided. 
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PART I 
SUMMARY, STRUCTURE OF 
THESIS AND INTRODUCTION 
PART I: SUMMARY, STRUCTURE OF THESIS AND INTRODUCTION 
provides a brief summary of this thesis. In PART I each Part and Chapter are 
described. The following sections are presented: 
1.1 Background and Rationale 
1.2 Primary Aims 
1.3 Research Questions 
1.4 Overall Structure of the Thesis 
1.5 Outline of Thesis 
Section 1.1 explains the rationale behind starting this project. The specific research 
aims and research questions that were derived from this rationale are presented in 
Sections 1.2 and 1.3. The structure of the research project is presented in Section 1.4 as 
a system-lifecycle outlining each of the objectives and methodologies employed to meet 
those objectives. Finally, Section 1.5 provides a brief outline of each chapter. 
1 
Chapter 1 Summary of Aims and Objectives, 
and Structure of Thesis 
1.1 Background and Rationale 
This Thesis reports the research conducted by the author while at Loughborough 
University and then at the Health and Safety Laboratory, Buxton. The focus of this 
work has been to develop a practical heat stress risk assessment methodology for the 
Health and Safety Executive for application in UK industry. The common purpose of 
the work reported was to ensure that current developments in heat stress risk assessment 
were evaluated and where to advantage, included in a user centred risk assessment 
method. The research presented in this report is unique. It addresses the issues of both 
validity and usability of heat stress assessment methods both within the context of 
thermal ergonomics and occupational health and safety. 
The research was undertaken in parallel with a number of national and international 
initiatives into heat stress assessment. Through the author's direct involvement in 
British and European Standards, and in his role as lead thermal scientist at HSL, he was 
uniquely placed to combine the latest scientific developments with the user centred, 
practical requirements and abilities of British Industry. 
1.2 Primary Aims 
There were four main objectives: 
1. To evaluate the Validity of the ISO 7933 Required Sweat rate (SWTey) and 
Predicted Heat Strain (PHS) models; 
2. To evaluate the Usability of ISO 7933 (SW«q); 
3. To design, develop and evaluate a practical heat stress assessment 
methodology; 
2 
4. To produce a practical heat stress assessment methodology. 
1.3 Research Questions 
The following research questions form the basis for this thesis: 
1. Are the SWfeq and PHS indices valid methods of predicting heat stress? 
2. Does SWrey provide a usable method to assess occupational heat stress? 
3. How can user-centred design be applied to the development of a practical heat 
stress risk assessment method for UK industry. 
1.4 Overall Structure of the Thesis 
A Systems Life-Cycle (SLC) approach was developed to systematic approach required 
to obtain and interpret the necessary data (see Figure 1). Whilst this provided a 
framework for the research it does not provide the structure of the thesis. Therefore, the 
following section will outline the structure of the rest of the thesis. 
3 
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1.5 Outline of Thesis 
Reviewing the literature provides both direction for the research and a rationale for the 
methodologies employed to achieve the project's aims. Part II contains Chapters 2 to 
5 and is specific to the literature review on thermoregulation and heat stress. Other 
areas where literature was reviewed, such as risk assessment, ergonomics and usability 
are presented elsewhere in the thesis (Part IV and Part V) 
PART II: LITERATURE REVIEW 
Chapter 2 "Introduction to human thermal environments" contains Sections 2.1 to 
2.8. 
Sections 2.1 (Human Thermoregulation and Heat Stress) and 2.2 (The Heat Balance 
Equation) introduces the concept of humans as homeotherms with a need to maintain a 
deep body temperature at or about 37°C. The physiological mechanism, responses and 
consequences of thermal stress are then discussed in Sections 2.3 (Importance of Skin 
Temperature), 2.4 (The Importance of Sweating), 2.5 (The Importance of Dehydration), 
2.6 (Heart Rate & Aerobic Capacity), 2.7 (Metabolic Rate), and 2.8 (Physiological 
Limits of Heat Stress). Section 2.8 concludes Chapter 2 by describing the 
physiological limits of heat stress. Figure 5 provides a reworking and simplification of 
Belding's heat stress flow chart. This is supplemented by Table 1 which lists heat 
stress illnesses in terms of description, symptoms, possible causes, possible treatments 
and possible prevention. 
Chapter 3 focuses on "Occupational Heat Stress". It is intended to provide a link 
between Chapter 2 and the rest of the thesis by putting heat stress in an occupation 
setting. . Chapter 3 contains Sections 3.1 to 3.5 of this thesis. Section 3.1 
(Introduction) discusses that the extent of heat stress in British industry is currently 
unknown. Those industries and jobs where heat stress is known to be a risk are 
presented in Section 3.2 and presents photographs and explanations from three of 
industries; paper, brick and arboriculture. Section 3.3. (Health Surveillance in the UK) 
presents the findings of Honey et al (1996). 13.7% of respondents reported that thermal 
stress (hot and cold) was a major risk. Yet, health surveillance, risk assessment and pre- 
5 
employment screening (particularly for those at added risk such as pregnant women) of 
thermal stress were inadequately performed in those industries. 
Clothing insulation and the need to wear personal protective equipment (PPE) at work 
may have a significant impact on whether someone is at risk from heat stress. Section 
3.3 discusses the potential impact of PPE on thermoregulation and presents Table 2 
(from BS 7963) to demonstrate how wearing PPE may have a concomitant increase on 
metabolic heat production. 3.4 (Examples of PPE and the Risk of Heat Stress) provides 
an overview of the topic with examples from emergency mining evacuation and the 
nuclear industry. As an introduction to the concept of modelling human responses to 
their thermal environment, Section 3.4.3 (Ice jackets and vests) describes how the 
cooling capacity of ice vests and jackets have been modelled. This serves to link the 
concept of human thermal environments and thermal modelling which is presented in 
more detail in Chapters 4 and 5. 
Chapter 4 "Heat Stress Indices", contains Sections 4.1 to 4.4. The concept of heat 
stress indices with is introduced in Sections 4.1 (What is a Heat Stress Index? ), 4.2 
(Difficulties in Modelling Human Thermoregulation). Section 4.3 (History of Heat 
Stress Indices) provides brief descriptions of a number of heat stress indices from 
previous years. Those current heat stress indices that were relevant to this project are 
then presented in Section 4.4 (British, European and International Standards: 
Ergonomics of the Thermal Environment). 
Chapter 5 "The SW1eq Index" is a detailed discussion about a heat stress index, that at 
the time of starting the thesis, was the rational heat stress index described in British, 
European and International Standards. The index is introduced in Section 5.1 and 
Figure 8 provides a simplified diagrammatic representation of the inputs, outputs and 
interpretation of the SWr model. The limitations of the SWfeq index are then discussed 
in 5.2. It was these limitations that led to the development of the Predicted Heat Strain 
index which is discussed in Section 5.3 (BIOMED Heat and the Predicted Heat Strain 
(PHS) Model). Figure 9 follows with a simplified diagrammatic representation of the 
inputs, outputs and interpretation of the PHS model. 5.3 also provides a review of the 
BIOMED HEAT Project's validation of the PHS model 
6 
PART III: Validity Of ISO 7933 (SWreq and PHS) 
The validity of the SWieq and PHS models is presented in PART III, which contains 
Chapters 6 and 7. Chapter 6 is intended to lead into the laboratory experiments 
described in Chapter 7. 
In Chapter 6 "Heat Stress in Compressed Air -A Theoretical Analysis of the Face 
Validity of SW1eq Index" a workplace environment and the application of a heat stress 
index within that environment is presented. Then a theoretic evaluation of the face 
validity of the SWr,, q index within that scenario was conducted. The workplace selected 
was tunnelling and the environment was compressed air (hyperbaric). The predictive 
SWfeq outputs in hyperbaric environments were the evaluated against what one would 
reasonably expect those outputs to be. Chapter 6 consists of Sections 6.1 to 6.5 which 
are Introduction; Aims; Method; Results and Discussion; and Conclusions. 
Chapter 7 "Laboratory evaluations of the validity of the ISO 7933 (SWreq and PHS 
Indices" is concerned with the validity of these indices and contains Sections 7.1 to 
7.14 of the report. The validity is determined by comparing the thermal strain of people 
exposed to a range of hot conditions in a climatic chamber with the thermal strain 
predicted by the standards. The experimental design, rationale and aims of the studies 
are presented in sections Sections 7.1 to 7.4 respectively, with Section 7.1 (Introduction 
to the Validity Study), 7.2 (Aims of Studies), 7.3 (ISO 7933 SWnq and PHS models 
used) and 7.4 (Data Considerations). Sections 7.5 to 7.7 each describe one of the three 
studies. Each of three chapters follows the same format: 
" Methods 
" Experimental Design 
" Withdrawal Criteria 
" Subjects 
" Apparatus 
" Procedure 
" Pre Experiment 
7 
" Preparation 
9 The Experiment 
" Inputs 
The results are then presented in Section 7.8 (Results of the 3 Studies - Comparison of 
ISO 7933, ISO(Mod), PHS and Observed Physiological Data)', 7.9 (Comparison of 
Within Model Predictions for Estimated and Measured Metabolic Rate Inputs), 7.10 
(Comparison Between ISO and PHS Model Sweat Rate Predictions and Observed 
Data), 7.11 (Comparison Between ISO And PHS Model DLE Predictions and Observed 
Data) and 7.12 (Comparison Between Models). Section 7.13 (Discussion) discusses the 
outcomes and consequences of the validity study. Section 7.14 (Conclusions) draws the 
findings from the three validity studies together. 
PART IV DESIGN AND DEVELOPMENT OF A PRACTICAL 
HEAT STRESS ASSESSMENT METHODOLOGY 
PART IV contains Chapter 8 to 14 of the thesis and describes the research undertaken 
in Stages 3 (Exploratory Stage) and Stage 4 (Design and Development) of the Project 
Lifecycle. 
Chapter 8 (Stage 3- Overview of Exploratory Stage) describes the exploratory stage 
with particular emphasis on the ergonomics techniques employed in collecting the data 
necessary to scope and develop a heat stress risk assessment method. Chapter 8 
contains sections 8.1 (Aims) to 8.6 (Conclusion). Section 8.2 provides a philosophical 
perspective to the need to match what different ergonomics methods provide and the 
actual requirements of a work packages within the project lifecycle. From this, Section 
8.2 focuses on the primary ergonomic principle of putting the user at the centre of the 
system. This is expanded by reviewing, adapting, and developing three ergonomic 
Where ISO is used to describe the SWfeq index and ISO(Mod) the SWreq modified to a predicte a constant 
skin temp (Tsk) of 30°C 
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methods of data collection; 8.3 user centred design (USD), 8.4 Task Analysis and 8.5 
Discussion Groups. 
CHAPTER 9 (Risk Assessment & Management Considerations) places heat stress in 
the context of occupational risk assessment. Following Sections 9.1 (Introduction) 9.2 
(The Process of Risk Assessment) considers the steps required to conduct a risk 
assessment and seeks to then develop standard risk assessment considerations into a 
heat stress risk assessment process. 9.3 (Informal Exploratory Interviews) and 9.4 
(Hierarchical Task Analysis (HTA) of Heat Stress Standards). This work contributed to 
the overall aims of the Exploratory Stage of the Project Lifecycle (STAGE 3) 
CHAPTER 10 (Usability of ISO 7933) presents the heuristic analysis of the usability of 
the SWreq standard and was undertaken in STAGE 3 of the Project Lifecycle. The 
rationale for using heuristic evaluation in evaluating the usability of the standard and the 
program are provided in 10.2 (Heuristic Analysis). The usability criteria are established 
in 10.3 (Usability Criteria) and the findings and recommendations of the heuristic 
evaluation are presented in 10.4 (ISO 7933 (SWreq) Usability). 
CHAPTER 11 (Field Trials - Heat Stress Assessment in a Paper Mill) provides an 
example of the methods, approaches and results of conducting a heat stress risk 
assessment in a real-life situation. The work described was undertaken in STAGE 3 of 
the Project Lifecycle. Sections 11.1 (Introduction), 11.2 (Method), 11.3 (Results) 11.4 
(Discussion) and 11.5 (Conclusions) present these findings. 
Section 11.6 provides the Conclusions 'of STAGE 1- EXPLORATORY STAGE. 
CHAPTER 12 (STAGE 2: Overview of the Design & Development Stage) 
describes the research undertaken in STAGE 4 of the project life-cycle. Section 12.1 
provides a short summary. The adaptation of risk assessment methods and rationale are 
presented in 12.2 (Rating and Ranking Methods for Risk Assessment) . This 
is 
developmed further with specific considerations for this research in Section 12.3 
(Development of Argument Logic). User input in the development of the risk 
assessment logic by two user groups is then presented in Section 12.4 (User Discussion 
Groups) and 12.5 (Conclusions from User Discussion Groups). Section 12.6 (Postal 
Questionnaire Survey presents the results of a postal questionnaire that was sent to 270 
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companies (identified as having process where heat stress may be a risk). The results of 
the 29 completed, returned questionnaires are then presented. 
Chapter 13 (Conclusions of STAGES 3&4- Proposed Generic Strategy for the 
Management, Assessment and Control (MA&C) of Heat Stress) presents a step-wise 
prototype approach to heat stress risk assessment. Section 13.1 (The Risk Analysis 
Approach) provides a brief introduction. The step-wise approach is then presented 13.2 
(10 Point Approach MA&C of Heat Stress). This is then expanded in Sections 13.3 
(Functional Specification of a MA&C of Heat Stress Strategy), 13.4 (The proposed 
Observation Checklist for the Assessment of Heat Stress), 13.5 (Process flow diagram 
and Format of the MA&C of Heat Stress in Industry). A process flow diagram (Figure 
45) is presented to describe the proposed task process, decision nodules and 
recommended actions. 
PART V STAGE 5 (PART ONE): EVALUATION OF PROTOTYPE 
PART V is only concerned with the Part One of STAGE 5 of the Project Lifecycle and 
contains Chapters 14 and 15: The evaluation of the prototype observation checklist. 
Chapter 14 contains 14.1 (Introduction) and 14.2 (Establishing Evaluation 
Methodology) to provide a context against which the evaluations in the following 
chapter would take place. 
Chapter 15 (User Evaluations of Prototype Method) and contains Sections 15.1 
(Aims), 15.2 (Method), 15.3 (Procedure) 15.4 (Results) of usability trials conducted at 
two paper mills and one steel mill. The outcomes of these user trials led to development 
of the Practical Heat Stress Method presented in PART VI 
PART VI STAGE 5 (PART TWO) A PRACTICAL HEAT STRESS 
ASSESSMENT METHODOLOGY 
PART VI contains Chapters 16 to 20 and presents the culmination of the research 
presented in this thesis. In addition to the final observation checklist, it also provides a 
format for the development and presentation of information as part of any possible 
future HSE Guidance. 
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Chapter 16 Management of Heat Stress provides basic information for managers to 
aid in the allocation of resources and the development of training programs for the 
assessment of heat stress. This was one of the main outcomes of the user discussion 
groups. However, the detailed development of management guidance was not 
originally within the scope of the project and as such, where applicable pointers are 
provided to aid in the development of more comprehensive guidance. 
The information presented is intended to be brief and the format is intended to allow for 
a transfer of knowledge from existing HSE Guidance (e. g Work Related Upper Limb 
Disorder). The following sections are presented; 16.1 (Understanding Heat Stress), 16.2 
(Commit to Action - why and how to use this guidance), 16.3 (Create the Right 
Organisational Environment), 16.4 (Is the risk of heat stress recognised in your 
workplace? ) 16.5 (Commit to ACTION - why and how you can use this guidance), and 
16.6 (Create the right organisational environment) 
Chapter 17 Assessment of Heat Stress is intended for those people who may be required 
to conduct heat stress risk assessments. 17.1 (What is Heat Stress? ) 17.2 (How can heat 
stress affect people's health? ), 17.3 (5 Steps to Heat Stress Risk Assessment) 17.4 
(Training and Competency) 17.5 (Identify Hazards) have all been developed as job 
aides to aid in the assessment of heat stress. Section 17.3 has been developed from 
HSE's 5 Steps to Risk Assessment. 17.5 Introduces a stage which is common in risk 
assessment which was identified as not being present in any of the HTAs conducted on 
existing heat stress risk assessment methods or standards. 
Chapter 18 (Control of Heat Stress) provides an overview for those tasked with 
controlling the risk of occupational heat stress. It includes Sections 18.1 (Engineering 
Controls) 18.2 (Administrative Controls), 18.3 (Personal heat stress hygiene practices) 
18.4 (Medical/Health surveillance) and 18.5 (Physiological monitoring) 
Chapter 19 Qualitative Assessment Protocol: This chapter provides a two part (A 
and B) Observation Checklist. This is the primary outcome of this research project: A 
Practical Heat Stress Risk Assessment Method. Section 19.1 (PART A: Personal Risk 
Factor Checklist) provides a simple checklist to help identify those who may be at 
increased risk from heat stress. 19.2 (PART B: Observation Checklist for Heat Stress 
Risk Assessment) 
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Chapter 20 (Quantitative Risk Assessment Record Sheets) was another requirement 
identified through stakeholder engagement. Here a number of job aides (or aide 
memoirs) are provided as specimen record sheets. They include; 20.1 (Estimate the 
metabolic rate of the work being performed), 20.2 (Estimate the clothing insulation of 
the clothing being worn), 20.3 (Detailed results of the WBGT Assessment. ), 20.4 
(Calculate the WBGT value of the environment you have assessed). 20.5 (Detailed 
results of the PHS Assessment) 
PART VII THESIS CONCLUSION provides an overall summary from the author's 
perspective of the strengths of the research project (Chapter 21), the weaknesses 
(Chapter 22) and recommendations for future work (Chapter 23). These brief 
chapters are intended to discuss the originality of the research undertaken, the 
intellectual capital that it brought to the field of environmental ergonomics, user-centred 
design and also to risk assessment. As with all applied studies, there some weaknesses 
to the research. The author addresses these by highlighting the contingency actions 
taken (where identified) to overcome the weaknesses. Finally recommendations for 
future work attempts to reconcile the strengths with the weaknesses to provide a 
argument for where and how future research may be driven to further the knowledge 
already developed. 
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PART II 
LITERATURE REVIEW 
The Literature Review provides an overview of past research and current knowledge of 
thermoregulation, heat stress, risk assessment and risk management, occupational heat 
stress and heat stress indices. This established the framework within which a user 
centred approach to occupational heat stress may be considered; specifically with regard 
the management, assessment and control of the risks associated with it. 
The aim of the literature review was to provide both direction for the research and a 
rationale for the methodologies employed to achieve the project's aims. 
Chapter 2 introduces human thermal environments 
Chapter 3 focuses on "OCCUPATIONAL HEAT STRESS" and is intended to provide 
a link between Chapter 2 and the rest of the thesis 
Chapter 4 presents "Heat Stress Indices". 
Chapter 5 focuses on the "THE SWREQ INDEX" 
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Chapter 2 Introduction to Human Thermal 
Environments 
2.1 The importance of deep body temperature 
"Body heat balance is a physiological requirement for comfort 
and health. " (Haines and Hatch, 1952). 
Humans need to maintain deep body (brain and internal organs) temperature at or about 
37°C. This is achieved through a combination of physiological, psychological and 
behavioural responses to their thermal environment. Physiological responses are 
dependent on whether the temperature sensitive receptors in the brain perceive 
temperature changes relative to this 37°C "set-point" (Boulant, 2001). When set point 
is exceeded blood vessels in the peripheral extremities widen (vasodilatation). Blood is 
pumped to the skin and heat is thus lost from the blood, through the skin to the 
environment. This reduces the gradient between skin temperature and the air 
temperature. 
If insufficient heat is lost, deep body temperature will continue to rise. Between 38°C 
and 39°C collapse may occur, with heat stress occurring at or around 41°C. Although, 
as deep body temperature exceeds 38°C, so the risk of heat stress occurring increases 
(NIOSH, 1986). 
Thus, 38°C has been agreed as the deep body temperature limit for unacclimatised 
workers (WHO, 1985). Whilst it is recognised that 38°C is a conservative limit 
(NIOSH, 1986) it is still used today (ISO 9886) as it provides a safety margin to protect 
the individual from the potential for errors in its measurement or prediction 
2.2 The Heat Balance Equation 
For thermoregulation to be effective, heat balance must be achieved. This is where the 
amount of heat generated within the body is equal to the heat transferred to or from it. 
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Equations 1 and 2 show the conceptual heat balance equation where metabolic rate (M) 
provides energy enabling the body to perform mechanical work (W). The remainder of 
the energy is given off as heat (M-W) with heat transfer occurring through evaporation 
(E), radiation (R), convection (C) and conduction (K). The resultant heat production 
and loss/gain provide the storage (S), where in heat balance, S= zero. Parsons (1993). 
when S=O 
M-W=E+R+C+K+S (1) 
M-W-E-R-C-K=O (2) 
Werner (2001) demonstrated the heat balance graphically (see Figure 3). Here Werner 
described heat gain mechanisms as basal heat production, heat production by exercise, 
shivering, conduction/convection and radiation. The heat loss mechanisms were the 
evaporation of sweat, respiratory evaporation, decrease of insulation, 
conduction/convection and radiation. When one or more of these factors impinges on 
the ability to loose heat or results in an increased heat gain, heat imbalance occurs 
(Figure 4). 
Figure 2: Diagra 
HEAT BALANCE 
Steady State 
Heat Gain Heat Loss 
8" Mat producllon Evaporation of Sweat 
Hat production by exercise Respiratory evaporation 
Shivering Decrease of Insulation 
Conduction/Convection J Conduction/Convection 
mmatic representation of heat balance (adapted from Werner, 2001 
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HEAT IMBALANCE 
Heat Loss 
Heat G 
Respiratory evaporation 
Decrease of insulation 
Conduction/Convection 
Radiation 
Heat production by exercl 
Shivering 
Con duction/Convection 
Radiation 
Figure 3: Diagrammatic representation of heat imbalance ner, 2001) 
2.3 Importance of Skin Temperature 
As deep body temperature rises, so the rate at which people sweat increases. The rate of 
sweating increases 10-20 fold when deep body temperature increases by 1 °C, compared 
to the same increase in mean skin temperature (Wissler, 1988). In humid environments 
the increased vapour pressure reduces the ability for sweat to evaporate. Dripping sweat 
is ineffective because it results in an insignificant loss of heat with a concomitant 
reduction in body fluid. This leads to increased sweat on the skin and a decrease in 
sweating may occur as deep body temperature continues to rise and the skin becoming 
wetted with unevaporated sweat. This may be exacerbated when personal protective 
clothing is worn which inhibits sweat evaporation. 
According to NIOSH (1986), the skin temperature must be maintained at least I °C 
below the core temperature if the blood is to be cooled before returning to the body 
core. Due to this convergence of tsk and t., heart rate increases in an attempt to maintain 
cardiac output while the volume of blood pumped during each beat decreases. 
According to Goldman, "if it does not occur beforehand, heat exhaustion collapse is 
almost certain to occur at or be/ore the point where skin temperature reaches deep body 
temperature". Here Goldman cites work by himself and Pandolf (1978), which showed 
that collapse may occur with core temperatures "as low as 38.2°C with skin 
temperatures in the 3 7°C range". 
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2.4 The importance of Sweating 
The evaporation of sweat drives cooling rather than the action of sweating. Thus, any 
reduction in sweat evaporation (i. e. through increased humidity, impact of clothing etc) 
may influence the severity of the thermal strain. Heat is lost at a rate of 675W per litre 
of evaporated sweat, with unacclimatised and acclimatised people losing about 4g of 
salt per litre and lg of salt per litre respectively. 
Hypohydration (reduced body water content) is caused during prolonged exposure to 
heat and/or prolonged exercise (Rodahl and Guthe, 1988). 
As deep body temperature rises, so the rate at which people sweat increases. The rate of 
sweating increases 10-20 fold when deep body temperature increases by 1°C, compared 
to the same increase in mean skin temperature (Wissler, 1988). In humid environments 
the increased vapour pressure reduces the ability for sweat to evaporate. Dripping sweat 
is ineffective because it results in an insignificant loss of heat with a concomitant 
reduction in body fluid. This leads to increased sweat on the skin and a decrease in 
sweating may occur as deep body temperature continues to rise and the skin becoming 
wetted with unevaporated sweat. This may be exacerbated when personal protective 
clothing is worn which inhibits sweat evaporation. 
2.5 The importance of Dehydration 
Body fluid is lost through a number of mechanisms; sweat (10.1 litres) urine (±1.3 
litres); faeces (±0.1 litres) and by evaporation from the respiratory tract and diffusion 
through the skin (±0.7 litres). Thus the daily loss of water from the body is highly 
dependent on the environment and the individual's metabolic rate. In ambient 
conditions (±20°C), an average fluid intake of about 2.3 litres per day is required to 
maintain hydration balance (Costill, 1972). An increase metabolic rate increases the 
rate at which sweat is lost and therefore the amount of fluid required to replace the lost 
sweat. According to Rodahl and Guthe (1988) prolonged exposure to heat and/or 
prolonged exercise, without adequate fluid replacement, will result in hypohydration 
(reduced body water content). Cheung et al (2000) reported a typical sweat rate of ±1 
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litre per hour for moderate workloads under non-heat stress conditions. Guyton (1981) 
and Armstrong et al (1986) reported sweat rates of much as 3.5 litres an hour in 
marathon runners. 
The risk of dehydration increases dramatically if body fluid is not adequately replaced. 
A 3% loss of body weight results in reductions in both sweat rate and skin blood flow 
(Horowitz and Hales, 2001). According to Goldman, (1988) there is a significant risk 
of heat/dehydration exhaustion with 5% water loss, dangerous hallucinations may occur 
at 7%, with a significantly high risk of heat stroke; total incapacitation likely at 10%. 
Thus, the hydration of the worker is pivotal to their ability to thermoregulate and for 
their well being when working in hot environments. 
Dehydration also has an effect on heart rate. Hypohydration results in a lowered 
volume of circulating blood leading to a decrease in the plasma volume and an increase 
in the protein content of the blood (Lundvall, 1972, Senay, 1972, Costill and Fink 1974, 
Wydham, 1973, Monatin and Coyle, 1992). This causes the shrinkage of red blood cells 
because of osmolality, which results in decreases in both cardiac output and blood 
pressure. Blood flow to the skin and muscles is also reduced and with it the capacity for 
effective heat loss. In severe dehydration this leads to a decrease in stroke volume, 
which is due to dehydration rather than changes to skin blood flow in response to 
thermoregulatory needs (Gonzalez-Alonso et al, 2000). 
With a reduced blood flow to the skin and muscles the body's capacity for heat 
endurance is compromised because heat dissipation is attenuated as less blood reaches 
the skin (Nielsen and Kacuiba-Uscilko, 2001). Deep body temperature has been shown 
to always be higher in dehydrated subjects when compared to those subjects who are 
euhydrated (Cheung and McLellan, 1998). Sawka et al (1992) found that sweat rates 
were lower in hypohydrated subjects and that heart rate at exhaustion was lower in the 
euhydrated participants. The reduced cardiac output may result in an insufficient supply 
of cool blood to the brain. Even in healthy workers, this can manifests itself in heat 
exhaustion or collapse, (Rodahl and Guthe, 1988). Further dehydration and increased 
hyperthermia may eventually result in a reduction of central venous pressure and 
circulatory collapse. 
Dehydration however is not only a risk during a single exposure to the heat. In a 
dehydration study of miners, Kampmann et al (1998) demonstrated a significant 
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cumulative effect over several shifts. This cumulative effect may be further exacerbated 
as it may take two to three days for a person to rehydrate completely after a fluid loss of 
4% to 7.5% of body weight (Lamb, 1978). 
Theodore and Shiffer (1988) found significant differences in dehydration status between 
positive rehydrated (regulated program) and a self rehydrated Control Group. Thus 
behaviour is also an important consideration for voluntary dehydration. Thirst is not an 
effective behavioural response for effective rehydration because the feeling of thirst 
cannot keep pace with the real hydration status of the individual (Armstrong et al, 1985, 
Hubbard and Armstrong, 1988; Greenleaf, 1992). Personal preferences (e. g. palpability 
and water temperature) or the availability of drinking water may be causal factors in 
determining whether people take on fluids. 
2.6 Heart Rate & Aerobic Capacity 
Work under heat stress conditions results in a competition for cardiac output between 
the cardiovascular need to supply blood to the muscles and the thermoregulatory needs. 
Blood not only carries oxygen to the working muscles but also acts as a cooling fluid 
(Rodahl and Guthe, 1988). Heart rate increases to maintain the same cardiac output and 
at a sub-maximum work rates, thermoregulatory requirements override the working 
muscle's requirements for oxygen (Shepherd and Webb-Peploe (1970). Consequently 
heart rate increases more during heat stress when compared to the same work rate in 
neutral conditions. It is estimated that there is about a 30 beats per minute increase in 
heat rate for every 1°C increase in deep body temperature when compared to the same 
work rate where no increase in deep body temperature is observed. However, this 
difference decreases as V02 nears maximum. The phenomenon of this heat-induced 
increase in heart rate is known as cardiac beats or thermal drift. 
Due to its ease of use and its apparent wide use in industry, Vogt et al (1983) 
investigated heart rate as a possible solution for setting industrial work-rest schedules in 
the heat. They found that even when rest schedules were observed, heart rate at the end 
of the work-rest cycle was the same as that found when continuous work was 
undertaken. Thus the thermal component of heart rate did not decrease sufficiently 
during the rest cycles. They concluded that the use of heart rate alone was not a valid 
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determinant for the establishment of self-regulated work-rest schedules even though 
heart rate may be closely linked to the reason the worker stopped working. 
To demonstrate this, Bethea and Powell (2003) investigated the use of heat rate as an 
indicator of heat stress during a study of heat stress risk assessment requirements in the 
glass industry. The photographs in Figure 4 are linked to the work-rest graph below to 
indicate what the worker's activity and resultant heart rate (blue) were in relation to 
radiant temperature (red). Bethea and Powell showed that heart rate mirrored radiant 
heat load even when the worker was not active but was still exposed to high levels of 
thermal radiation. This supported Rodahl and Guthe (1988) who stated that heart rate 
closely follows core temperature in a general way, but may parallel skin temperature, 
especially under high radiant temperatures. 
In safety critical systems where the worker's are not only skilled but are also aware of 
the consequences if they were to make an error, skilled workers have been shown to 
work unimpaired at higher heart rates than unskilled workers (Enander, 1989). As such 
it is possible that they may work harder and for longer than is safe to ensure that they 
complete the required task to the standard that would be expected. 
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Figure 4: Stills from video footage combines with real-time environmental and physiological data 
during a maintenance shift on the crown of a container glass furnace (Bethea and Powell, 2003) 
2.7 Metabolic Rate 
Heat is produced in proportion to the work rate. Thus deep body temperature is more 
closely related to metabolic rate than to the rate at which body heat had to be eliminated 
(Nielsen, 1967). Metabolic rate therefore is a major contributor to heat stress even 
when environmental conditions would suggest that worker is not at risk. Core 
temperature in a steady state is dependent upon work rate, while under severe 
environmental conditions this thermoregulation fails. Graveling and Morris (1995) 
reported that the criteria of many heat stress documents, e. g., ISO 7243 1989, ISO 7933 
1989 and NIOSH 1986, operate on the principle that an increase in work rate should be 
compensated for by a reduction in the environmental heat load. It is here that the 
criteria for the setting of limits in an industrial setting are set. These "limit" conditions 
must be cooler than those that cause heat stress. 
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2.8 Physiological Limits of Heat Stress 
It may be that the only way to ensure that workers are not being put at risk from heat 
stress is for procedures for personal monitoring of the workers to be implemented. Due 
to practical limitations this is usually done periodically, although this reduces the 
detection of risk rate. Figure 5 has been adapted from Belding's flow diagram 
(referenced by Parson, 1993) to demonstrate the physiological strain and possible 
consequence of heat stress. Table 1 provides a breakdown of heat related illnesses. 
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Table 1A Breakdown of the Classification, Description, Causal Factors, Symptoms, 
Treatment and Pnccihin Prevention Measures of occunational heat illness. 
Heat Related Heat Stroke 
Disorder 
General " This is the most serious health problem associated with working in hot 
Description environments. 
" Central drive for sweating fails, therefore loss of evaporative cooling and 
there is an accelerated increase in deep body temperature. The body's 
temperature regulatory system fails. Damage to body's "thermostats" may be 
permanent. 
" There is little warning to the worker that a crisis stage has been reached. 
" Occurs when deep body temperature reaches and exceeds 40.5°C. 
" Can be fatal if treatment is delayed. 
Symptoms " Severe behavioural changes: (e. g. ) Irrationality, disorientation and mental 
confusion, delirium, unexpected behaviour 
" Convulsions and/or unconsciousness. 
" Skin is hot and dry, red or spotted. 
Possible Causes " Pre-existing or recent illness " Recently suffered from heat related 
(e. g. fever, flu etc. ) disorder 
" Abnormal intolerance to heat " Drug or alcohol abuse 
stress " Sustained exertion in heat by 
" Recurrent exposure to heat unacclimatised worker 
stress " Chronic cardiovascular disease 
" Obesity 
Possible FIRST AID HOSPITALISATION 
Treatment " AVOID OVERCOOLING - Immediate " Immediately transport to 
First Aid then hospitalisation emergency medical facility 
" Immediately remove worker to cooler 
environment. 
" Aggressive cooling of worker through 
soaking of clothing/skin and vigorous 
fanning the body to increase heat loss 
Possible " Maintain healthy lifestyle 
Prevention " Regular medical screening of workers 
" Acclimation of workers through graded work and heat exposure lasting for 
between 5 to 7 days 
" Selection of workers based on health and physical fitness for the job 
" Self-determination by worker of own beat tolerance limit 
" Identification of possible susceptibility through medical records etc. 
" Use of buddy systems and work/rest schedules in areas of high risk 
" Workers with cardiac problems or those on a low sodium diet need to consult 
with a physician about what to do when working in hot environments. Q 
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Heat Related Heat Exhaustion 
Disorder 
General " Includes several clinical disorders that have symptoms that resemble early 
Description symptoms of heat stroke. 
" Caused mainly through large amounts fluid through sweat loss. 
" Results in decrease of circulatory blood flow volume. 
" Competition between muscle's requirement for blood to supply oxygen to 
perform work and the thermoregulatory response to send blood to the skin 
causes circulatory strain. 
" There are no known long term or permanent effects 
Symptoms " Worker experiences general fatigue. 
" Loss of co-ordination. 
" Severe thirst, headaches, weak pulse. 
" Skin will be clammy moist, but worker may be pale or flushed. 
" In more severe cases, worker may vomit or lose consciousness 
Possible Causes " Dehydration caused by heavy sweating and not replacing fluids. 
" Dehydration caused by illness (e. g. vomiting, diarrhoea etc. ) 
Possible Treatment " Remove worker to cooler environment and allow to rest in a cool 
environment. 
" Rest in recumbent position 
" Fluid replacement by mouth. 
Possible Prevention " Drink water and other fluids regularly. 
" Add salt to food. 
" DO NOT take salt tablets. 
" Acclimation of workers through graded work and heat exposure schedule 
lasting for between 5 to 7 days. 
" Only supplement salt intake during acclimation period. 
Heat Related Heat Syncope 
Disorder 
General " This occurs when standing upright or remaining immobile in the heat. 
Description " A major cause of this is lack of acclimation. 
Symptoms " Fainting or dizziness when standing upright in the heat. 
Possible Causes " Maintaining one work posture (e. g. standing or squatting) 
" Blood pools in lower extremities and skin due to bodies attempt to 
thermoregulate. 
Possible Treatment " Remove worker to cooler environment and allow to rest in a cool 
environment. 
" Rest in recumbent position 
" Fluid replacement by mouth. 
Possible Prevention " Acclimation of workers through a graded work and heat exposure schedule 
lasting for between 5 to 7 days. 
" Encourage workers to move around intermittently to reduce blood pooling. 
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Heat Related Heat Cramps 
Disorder 
General " Heat Cramps 
Description " Painful onset of cramp in arms, legs, abdomen or tired and fatigued 
muscles. 
Symptoms " Cramps usually occur in the arms, legs or abdomen. 
" Muscles that are tired due to physical exertion are the most susceptible. 
Possible Causes " Occurs in workers who while working are sweating profusely and drinking 
large quantities of water but not adequately replacing salt loss. 
" The large intake of water dilutes the body's fluids even though salt 
continues to be lost. 
" This causes a drop in electrolyte balance, causing water to enter muscles, 
causing muscles to spasm and cramp. 
Possible Treatment " Drinking salted liquids. 
" For faster relief, I-V infusion administered by a suitably qualified erson. 
Possible Prevention " Adequate salt intake with meals. Unacclimatised workers need to have 
additional salt supplement with meals. 
" DO NOT take salt tablets. 
" Workers with cardiac problems or those on a low sodium diet need to 
consult with a physician about what to do when working in hot 
environments. 
Heat Related Heat Rash (Prickly Heat) 
Disorder 
General " Likely to occur in hot humid environments where sweat is not readily 
Description evaporated and skin is constantly we 
Symptoms " Red rash with tiny swollen blister-like areas. 
" Skin becomes uncomfortable during heat exposure - prickling sensation. 
Possible Causes " Sweat glands become blocked sweat due to sweat not evaporating from 
skin in hot and humid conditions. 
Possible Treatment " Mild drying lotions. 
" Regular cleansing of the skin through bathing/showering and drying of 
skin. 
" Rest in a cool place. 
Possible Prevention " Allow skin to dry between exposures by providing cool sleeping quarters. Q 
Heat Related Anhydrotic Heat Exhaustion 
Disorder 
General " Skin trauma (sun burn, heat rash) causing sweat retention in the skin. 
Description " This causes reduced evaporative heat loss (due to reduced sweating) 
leading to heat intolerance. 
Symptoms " Areas of the skin do not display sweating response on exposure to heat. 
" Goose flesh appearance on skin n heat which disappears in cool 
environments. 
Possible Causes " Prolonged (weeks or months) exposure to heat with a history (or recent) 
heat related skin disorder such as sunburn and heat rash. 
Possible Treatment " No immediate treatment available. 
" Ability to sweat returns over time in a cooler climate. 
Possible Prevention " Avoid exposing sun burn to heat and treat skin rash 
" Provide intervals of removal or relief from exposure to heat 
Heat Related Over-Breathing / Hyperventilation 
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Disorder 
General " This occurs particularly in hot humid environments 
Description 
Symptoms " Hyperventilation, feeling Dizzy and/or faint. 
" Tingling in the lips. 
" Some workers may black out. 
" Small muscles in the hands cramp causing the thumbs to be pulled into the 
palm, fingers stiffen and hand cannot be used. 
Possible Causes " It is thought the over-breathing is a response to the heat with workers trying 
to lose heat through panting. This does not work. 
Possible Treatment " Slow deep and controlled breathing, into a paper bag if need be, to recover 
from this hyperventilation. 
Possible Prevention " Educate workers to identify the warning signs. 
" Acclimation of workers through graded work and heat exposure lasting for 
between 5 to 7 days. 
Heat Related Heat Fatigue - Transient 
Disorder 
General "A temporary discomfort and mental or psychological strain resulting from 
Description heat exposure. 
" Reduced performance in heat of psychological and metal capabilities: 
Skilled sensory motor & Vigilance etc 
Symptoms " Thermal Discomfort 
" Physiological strain 
" Reduced psychological and mental performance (to varying degrees) in the 
heat, 
" Decline in task performance 
" Reduced concentration, vigilance, and alertness 
" Reduced skilled sensory motor abilities0 
Possible Causes " Unacclimatised workers display greatest performance decrement. 
" Lack of skill and/or experience at conducting required tasks in the heat. 
Possible Treatment " Not indicated unless accompanied by other heat induced illness or disorder. 
Possible Prevention " Acclimation of workers through graded work and heat exposure lasting for 
between 5 to 7 days. 
" Train workers to do specific tasks in the heat. 
" Educate workers to identify the warning signs. 
Heat Related Heat Fatigue - Chronic 
Disorder 
General " Workers at most risk have long residences in tropical climates after coming 
Description from temperature climates 
Symptoms " Overall reduced performance capacity. 
" Reduced social behaviour standards (e. g. alcoholic overindulgence). 
" Poor ability to concentrate. 
Possible Causes " Thought to be a result of hormone imbalance, although no positive 
evidence for this. 
Possible Treatment " Medical treatment for serious cases. 
" Symptoms are relieved rapidly on return back to temperate climate. 0 
Possible Prevention " Full social, environmental, cultural etc orientation of place/country of 
work. 0 
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Chapter 3 Occupational Heat Stress 
3.1 Introduction 
No data for the number of people who are at risk from occupational heat stress in UK 
industry could be found. Nor is there an accurate picture of the number of people who 
may experience occupational heat related illnesses in the UK. This is due, in part, to 
HSE RIDDOR reporting procedures requiring that a heat stress casualty is only 
recorded when the intervention of a third party is required (i. e. when someone collapses 
and medical intervention is sought). Clearly this ignores a number of heat related 
illnesses (including dehydration, fatigue, heat rash) that either go unrecognised or 
unreported. Furthermore, it is the opinion of this author that accidents are sometimes 
wrongly classified (e. g. machine injury) when the worker may have been suffering from 
the cumulative effects of heat strain and, as a result not operating at their full 
physiological or psychological potential (e. g. confusion due to dehydration). Current 
RIDDOR procedures also do not require that environmental data be recorded. Thus any 
survey of accident data does not require thermal data to be provided and, as such, we 
cannot focus on those industries where heat stress is a potential risk. Therefore, we do 
not know whether the thermal environment may have been a contributor or causal factor 
in the injury or accident. This situation is unlikely to change in the near future, as heat 
stress is not an HSE Priority Objective. 
3.2 Industries where Heat Stress may be a risk 
According to Leithead and Lind (1964) industrial work, "for the most part", presents 
only low levels of heat stress, although the thermal environment in industry may be 
much more severe than those found naturally. This view contrasts with that of Meyer 
and Rapp (1995) who stated that despite technological advances "heat stress remains 
one of the most frequent complaints of French workers". Although a fall from 19.4% 
1979 to 16.6% in the 1990's of workers who experienced a daily or frequent occurrence 
of heat stress was reported. According to Meyer and Rapp these results would seem to 
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be applicable to other western countries where one of the most frequently reported 
stress factors is working in the heat. It may be that a similar fall or redistribution of the 
risk of heat stress has been observed in the UK as changes to the manufacturing and 
mining sectors have taken hold. 
The following list of industries where workers may be at risk from heat stress has been 
compiled from literature reviews by Meyer and Rapp (1995), NIOSH (1986) and 
Rodhal and Guthe (1988) who also included a review of their own work: 
" Glass products manufacturing plants; 
0 Drying operation in glass-wool manufacture; 
" Potash Mines, Coal mines, gold mines, etc; 
0 Steam and compressed air tunnels; 
" Conventional and Nuclear power plants - Sweeper tasks and maintenance 
tasks; 
" Iron, steel, aluminium and other non-ferrous foundries and smelting 
operations; 
" Brick-firing and ceramics operations; 
" Plants producing rubber and rubber products; 
0 Electrical utilities (particularly boiler rooms); 
0 Electrical utilities (particularly boiler rooms); 
0 Bakeries, confectioneries and catering kitchens; 
0 Laundries and Ironing in dry cleaning shops; 
0 Food canneries. 
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One of the features associated with the assessment of heat stress in industry appears to 
be that the exposures are often infrequent and may be for short periods. This is 
important, because the risk assessors may be conducting heat stress assessments so 
infrequently that they find it difficult to transfer their knowledge from one assessment to 
the other. Here the definition of risk provided by Covello and Merkhofer (see Section 
9.2.1) suggests the need to consider "uncertainty" in the heat stress risk assessment 
procedure. 
This author, whilst at both Loughborough University and at HSL, was involved in or 
advised a number of industries where heat stress was a risk. These included: 
" Automobile manufacture (kiln wrecks in drying chamber and product 
testing in extreme environments); 
0 Vehicle testing; 
0 Off-shore oil rigs; 
0 Container and float glass manufacture; 
9 Lithium smelting; 
0 Defence contractors 
0 Firefighter 
0 Mines rescue; 
0 Petrochemical (cleaning of petroleum container silos); 
" Nuclear industry (maintenance); 
0 Bakeries (factories and high street shops); 
0 Brick and ceramic manufacture; 
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" Steel manufacture; 
0 Forestry; 
0 Paper manufacture; 
0 Tunnelling (free air and compressed air); 
0 Professional sports; 
0 Laundries (industrial and local NHS facilities) 
0 Care homes for the elderly; 
0 Frozen food storage; 
" Road and highway repair/maintenance 
0 Construction 
Photographs and explanations are provided of three examples 
1. Paper Manufacture 
2. Manufacture of Reclaimed Bricks 
3. Arboriculture 
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3.3 Health Surveillance in the UK - Specific to 
the Thermal Stress 
Honey et al (1996) conducted an HSE sponsored research project to investigate health 
surveillance by employers in the United Kingdom. Their study consisted of a postal 
questionnaire of 5000 employers (35% response rate) and over 30 interviews. One of 
the areas that they considered was hot and cold working environments. Although there 
was no separation of this category into hot environments and cold environments, their 
results are discussed in the section as they provide some insight into the risk assessment 
and control of health surveillance for employees working in extreme thermal 
environments. It is recognised that many of the respondents may have been from 
companies with cold working environments, however since the philosophies for the 
assessment of both types of environment are similar, their findings may be relevant to 
both. All data reported were weighted according to the base percentages of responses 
that could have been given. If the responses were below the 50% base they were 
presented in brackets to indicate that the data should be treated with caution, and below 
25% base response "(no data)" will be shown. Some findings of the survey by Honey et 
al are presented below: 
" 13.7% of respondents identified hot and cold environments as a hazard 
from which their employees were at risk. The following are industry 
sectors that identified thermal hazards (the proportion of each is also 
presented): Agriculture (no data); Energy/Water 30.3%; Metals/Minerals 
16.3%; Engineering 11.3%; Other manufacturing 8.7%; Construction 
30.6%; Distribution/Hotels 1.5%; TranspordComms 23.6%; Business 
Services (3.4%); Other Services 23.4%; All Establishments 13.7%. The 
sector with the highest percentages was construction, followed by 
Energy/Water; 
" Of these, 5.9% of respondents classified thermal stress as being the most 
serious hazard in the workplace of which only (34.1%) conducted risk 
assessments specific to the thermal environment. (Note: the bracket 
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shows that this was for less than 50% base of respondents who reported 
thermal issues. ) (65.4%) did not conduct thermal risk assessments and 
(0.6%) did not know if thermal assessments were conducted. The 
(34.1%) was the lowest percentage of risk assessment for any category, 
with all the other categories having risk assessments by at least two thirds 
of respondents; 
" Another finding of concern was that only (13.7%) of respondents reported 
pre-employment assessments (such as medical examinations and self 
completion questionnaires) for workers working in environment where 
hot/cold conditions were found. The rest, (86.3%), conducted no pre- 
employment assessments. This is a concern because the health status of 
the worker is critical in hot working environments. Unfortunately, Honey 
et al also found that (81.1%) reported that health surveillance was not 
undertaken for hot and cold conditions. From the (18.9%) where it was 
conducted, insufficient data (i. e. less than 25% base of respondents) were 
available for different health surveillance strategies. The strategies they 
categorised were; "inspection of readily detectable conditions, enquiries 
about symptoms, medical surveillance by a qualified doctor, biological 
effects monitoring, biological monitoring. " One high-risk population is 
pregnant women. The study reported that (52.3%) of respondents did not 
make provisions for pregnant women, while (47.2%) stated that they were 
not at risk. Only (0.3%) did make provisions; 
" Considering the importance of health status and other factors such as 
experience, skill etc. when working in thermal extremes, it was 
concerning to find that the lowest percentages for any of the hazards were 
reported in the areas of employee (37.9%) and management (47.2%) 
training in hot/cold environments. Record keeping was another area 
where hot and cold hazards were not being adequately addressed, with 
(93.1 %) of respondents stating that no records were maintained. 
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Although no direct conclusions with regard to hot/cold environments were drawn from 
the postal survey, a number of thermal environment conclusions (for hot/cold) can be 
drawn: 
1. Of the respondents that listed hot/cold environments as a hazard, less than 
50% answered many of the questions, as was evident by the percentages 
given in brackets. This may be for two reasons: 
1. Thermal stress is not high on their list of high-risk hazards and as 
such is considered secondary to the other risks to which their 
workers may be exposed; 
2. Respondents may not have had sufficient knowledge of thermal 
stress risk assessment and/or the consequences of exposure to 
thermal hazards; 
2. Health surveillance, risk assessment and pre-employment screening of 
thermal stress were inadequately performed in those industries where heat 
stress was considered a risk; 
3. Record keeping needs to be improved so that the effectiveness of controls, 
health status of workers and the accuracy of thermal risk assessments can be 
monitored. 
3.4 PPE and Wearer Thermo regulation 
3.4.1 What is clothing insulation 
The thermal insulation required to maintain a thermal balance for a human seated in a 
room at 21°C (air and radiant temperature), humidity less than 50% and air velocity 
equal to 0.1 m. s"' was defined as 1 clo by Gagge et al in 1941. One clo is equal to a 
clothing insulation of 0.155°C. m2. W 1(the boundary layer of air around the human body 
is equal to 0.12 °C-m2-W1). 
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3.4.2 Protection vs Heat Loss 
Personal Protective Equipment (PPE) interferes with the body's ability to lose heat from 
the skin to the environment because of the insulation provided by the clothing and the 
microclimate within the garment or ensemble (Kerslake, 1972; Goldman, 1988; Kenney 
et al, 1988, Parsons, 1993; Bethea and Parsons, 1998, Bernard and Metheen, 1999). 
According to Nunnely (1989), "clothing both inhibits evaporation by producing a 
humid microclimate and diminishes the cooling effect of the evaporation that does take 
place". The risk of heat stress increases as the level of protection increases (Dukes- 
Dobos, 1995). Meyer and Rapp (1995) cite Millican et al (1981) and Badet et al (1983) 
who stated that protective clothing was seen more as a handicap than as protection. 
In a study of impermeable plastic suits with breathing apparatus (BA), Smith et al 
(1980) found that wetting of water absorbent clothing next to the skin or over the 
impermeable garment, significantly increased stay times in both low and moderately 
humid environments. The inability to lose heat from the body when PPE is worn may 
even result in many workers either wearing the PPE incorrectly or not at all because it 
makes them feel hot (McCullough, 1983). This was supported by Dukes-Dobos et al 
(1986) who found bin incinerator workers in the Aluminium plants seldom wore their 
protective clothing, exposing themselves to the hazards from which the PPE was 
supposed to be protecting them; thus rendering their PPE ensembles redundant. 
McLellan et al (1999) determined that there was a reduction in the time taken to reach 
the limits of heat tolerance because of dehydration and that this effect was accentuated 
due to uncompensatable heat stress with NBC clothing. 
3.4.3 PPE and Metabolic Rate increase. 
Wearing PPE increases the metabolic rate for a given work rate when compared to 
doing the same task without PPE (Duggan, 1988). A number of studies have also 
shown that a PPE caused increased metabolic rate increased more than when the 
equivalent weight of the PPE is worn on a belt. The increase varies according to the 
nature of the PPE worn, with increases as high as 18 % (Teitlebaum and Goldman 
1972), 11 to 13% (Consolazio et al, 1963) and 5 to 10% (During et al, 1966). 
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Therefore, it is necessary (where possible) to redesign jobs so that the worker does not 
have to work at the same intensity as they would if they were not wearing the clothing. 
This is an important point because this resultant increase in metabolic heat production 
has two possible consequences. 
0 The onset of fatigue will occur sooner than it would without PPE; 
" Increased heat production increases the need for heat dissipation from the 
worker and the clothing ensemble; 
More detailed estimates of the increases in metabolic rate associated with the wearing 
off PPE are provided in BS 7963 (2000). The table below is reproduced from Table 2 
of BS 7963 (2000). 
Table 2: Estimated Increases in Metabolic rate due to wearing PPE 
Increase In metabolic rate due to wearing RPE 
(W. m-2) 
Low Moderate High Very high 
Resting metabolic metabolic Metabolic metabolic 
rate rate rate rate 
Safety shoestshort boots 05 10 15 20 
Safety boots (long) 0 10 20 30 40 
Respirator (low/moderate performance 5 10 20 30 40 
e. g. P1, P2) 
Respirator (high performance e. g. P3) 5 20 40 60 80 
Self contained breathing apparatus 10 30 60 95 125 
_ight, water vapour permeable chemical 
5 10 20 30 40 
coverall (e. g. Disposable) 
Chemical protective water vapour 10 25 50 80 100 
impermeable ensemble [e. g. polyvinyl 
chloride (PVC)] with hood, gloves and 
boots 
Highly insulating, water vapour semi- 15 36 75 115 155 
permeable ensemble (e. g. firefighter's 
gear consisting of helmet, tunic, over 
trousers, gloves and boots) 
According to BS 7963: 2000, the following needs to be considered: 
" Metabolic rate values have been rounded off to the nearest 5 W. m-2. 
0 Respirator classification defined in BS EN 143 (1991). 
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" As can be seen from the estimated increases in metabolic rate, very high 
metabolic rate cannot be maintained when wearing some forms of PPE. 
Here job redesign would probably be necessary if engineering controls 
were not possible. 
" Do not add footwear induced increased in metabolic rate for sedentary 
tasks. 
" The table presents empirical data. If more accurate methods of obtaining 
metabolic rate values are required, refer to BS EN 28996. 
" If metabolic rate is measured instead of estimated, corrections for the 
increased metabolic rate are not necessary. 
3.5 Examples of PPE and the Risk of Heat 
Stress 
3.5.1 Active heating of wearer e. g. filter self-rescuers in 
emergency mining evacuation. 
When breathing apparatus (BA) or Respiratory Protective Equipment (RPE) is worn, 
convection and evaporation in the respiratory tract can be affected by the humidity and 
the temperature of the air breathed (BS 7963, (2000)). RPE that increases the 
temperature of inhaled air (such as Filter Self Rescuers) may also be worn in 
environments where removal of the RPE may result in death. For example, FSR's are 
worn in mining to protect miners during underground fires, gaseous contamination of 
the air and emergency evacuations. This is compounded in that evacuation times 
increase as the depth of working increases and may be as much as 1'/2 hours 
(Vanderlaag and McDougall, 1995). Working in the heat may cause a high incidence of 
dyspnoea and mask intolerance. Furthermore, an individual's ventilation may be much 
higher under conditions of high physiological stress (such as during a self-escape from a 
mine. As such the reference rating against which the respirator has been classified may 
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not be valid (Aziz et al, 2000; McKenzie-Wood et al, 2000). Increased ventilation may 
also be a heat stress induced hyperventilation (Nunnely et al, 1988) 
3.5.2 PPE in the Nuclear Industry 
Evaporation of heat for humans under warm or hot working environments provides a 
powerful cooling mechanism. "Clothing both inhibits evaporation by producing a 
humid microclimate and diminishes the cooling effect of the evaporation that does take 
place" (Nunnely, 1989). This means that heat stress in wearers of protective clothing 
occurs at lower environmental temperature and humidity values than for those of nude 
subjects. This was demonstrated by Kenney et al (1988) who established the 
temperature (Tont) and the vapour pressure (P,, it) at which thermal balance could no 
longer be maintained for a number of ensembles. Their results provided biophysical 
psychrometric limits that defined a window or envelop of performance for safe 
prolonged exposure and/or exercise for 50% of the population. CCNB which was a 
cotton coverall plus a one-piece vapour-barrier (coated Tyvek®) suit, rubber gloves and 
boots. 
They produced the following information for the CC/VB suit under low metabolic rate 
intensities (150 to 200 W. m2) 
Table 3: Critical Temperatures (Tcrit) and Partial Vapour Pressures (Pcr; c) (Mean ± SEM) 
and the equation describing the line connecting Tent and P, rit for each ensemble. 
Ensemble Tcri 
°C 
Pcrit 
Ka 
-yr (torr/°C) Equation 
XX/SB 33.7 ± 1.9 2.786 ± 0.133 0.45 liw = 75.6 - 1.95(T5ß) 
A: Tcrit for when vapour pressure = 1.333 to 1.467 kPa 
B: PCC1t for when dry bulb air temperature (Tdb) = 28°C 
(Note: in the original paper the vapour pressure units were in torr's. These have been 
converted to kPa for this document. Conversion of torr to kPa = tort X 0.13332). 
This shows that deep body temperature will increase in environments above 33.7°C due 
to the insulative properties of the clothing. 
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A key factor in heat stress amongst wearers of PPE is the convergence of skin 
temperature and core temperature. A skin temperature of 33°C and core temperature at 
about 37°C is usually observed when seated at rest. 
Kenney et al (1988) stated that in situations where worker contamination was of great 
concern such as in "nuclear power facilities - the garment of choice has traditionally 
been cotton coveralls plus some vapour barrier (such as plastic, rubber or coated 
Tyvek)" that the ensembles interfered greatly with the worker's ability to lose heat. 
According to Dukes-Dubos (1995) "workers who wear partial or completely 
encapsulating protective clothing are at significant risk of overheating. " Work times 
must therefore be kept short due to the rapid increase of deep body temperature as a 
result of the "two-way impermeability of the ensembles". The ACGIH, as part of their 
heat stress risk assessment algorithm, recommend that when vapour and air 
impermeable suits are worn, that physiological monitoring is performed. It is here that 
the importance of the effects of the PPE is important because heat stress may be a risk, 
even in moderate or cold environments. 
Smith et al (1980) conducted a series of experiments of the performance of people in 
hot conditions wearing impermeable plastic suits with breathing apparatus. The 
environmental conditions tested in dry bulb air temperatures (tdb) of 50 and 45°C with 
two humidities; 25% and 50%. They found that wetting of water absorbent clothing 
next to the skin or over the impermeable garment, increased the time people could work 
in the heat in low and moderately humid environments significantly. 
There are a number of ways that the thermal properties of clothing and the physiological 
responses of workers in hot environments can be investigated and/or predicted. One 
such method is the use of mathematical models. According to Levine et al (1998), a 
major advantage of using modelling is that a "wide variety and combination of input 
variables" can be investigated. However, as with any model, the predictability and the 
accuracy are dependent on the limitations of the model being used. Models of human 
thermal environments are limited by their inability to predict for all conditions and all 
clothing ensembles. Therefore wherever possible, the models may need to be modified 
or the interpretations qualified by additional information or assumptions. The best way 
of doing this may be to use data obtained from systematic monitoring of the 
physiological responses of workers wearing PPE while performing their tasks. 
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3.5.3 Ice Jackets and vests. 
Goldman (1988) advised that the use of auxiliary cooling garments (e. g. ice vests) 
should only be used in situations where the modification of the environment, work rate 
and clothing does not result in a decrease in the limits of heat stress. Active and passive 
systems can be used for thermo-protective clothing. Ice vests and jackets, as worn by 
the workers would be a passive system as it does not have any moving parts and is not 
attached to an energy source. These are examples of "phase change" garments. Ice 
jackets cool the microclimate between the worker and the garment through the melting 
of ice and warming the resulting water. Van Rensburg et al (1972) studied the 
physiological responses of acclimatised wearers of water-cooled and ice cooled 
garments while working in hot environments. They found that both types of cooling 
garment had little effect on the heart rate and the rectal temperature during the first hour 
of work. Although it was suggested that the ice jackets that they tested could afford a 
greater level of protection if the designs were improved. 
The biggest finding that this early study into microclimate cooling devices found was 
the positive psychological effects the devices had on the workers. Therefore, they 
suggested that any device that would improve both the physiological and psychological 
well-being of workers would not only be achieving its purpose but would also improve 
worker productivity. Although this was an early study, much more research has been 
conducted over the intervening years. According to Epstein et al, (1986), individual 
cooling is the most practical solution to reducing the risk of heat stress when total 
conditioning is not feasible. 
There are however, a number of considerations that should be made when employing 
the use of ice jackets. 
" Jackets should be worn over an insulation garment to prevent skin chilling 
and thermal discomfort. 
" If possible, additional insulation may be worn over the jacket to reduce 
the heat transfer to the environment. 
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0 The additional weight provided by the ice jacket will increase the 
worker's metabolic rate and may restrict the worker's movement. 
Therefore, wherever possible, jobs should be redesigned or job aids 
provided to reduce their movements. 
Modelling Resultant Exposure Times when wearing Ice Vests in Hot 
Working Environments 
This section is intended to introduce the concept of modelling human responses to their 
thermal environment. The concept of thermal model or indices, specific to heat stress 
will then be discussed in more detail Chapter 4 HEAT STRESS INDICES. 
Epstein et al (1986) investigated the cooling capacities of seven cooling devices in hot 
dry conditions. They used a strain index based on the following equation to evaluate the 
physiological status of the subjects while using each of the devices. 
SI = (heart rate/100) + Tre + S. R. 
Where 
SI = strain index 
h. r. = change heart rate (bpm) 
Tre = change rectal temperature (C) 
S. R. = sweat rate (kg. hour-1) 
This provided for a direct comparison between the devices to be made when all the 
important physiological parameters are considered. 
Additionally Epstein, provided the equations for estimating the cooling capacity of the 
various garments. The cooling capacity of the ice garments was calculated using the 
following equation based on the amount of ice that melted. 
Cc(ice) = 79.71 x 69.8 x (W/60) 
Where 
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Cc(ice) is the cooling capacity of ice bag vest 
79.71 = the heat of fusion of water (kcal. kg-1) 
69.8 = the conversion factor from kcal. min-1 to watts 
W/60 = the rate of ice melting (kg. min-1) 
They found that torso cooling was more effective that hood cooling and that the use of 
air was less effective that water due to the lower cooling capacity and the more 
complicated mechanical requirements. 
Through communication, the author obtained the following estimations for the 
estimation of the Resultant Exposure Time (mins) when wearing an ice jacket, from T. 
E. Bernard. The recommendations are from a report by Bernard (1990) through the 
Electric Power Research Institute (EPRI) for heat stress in nuclear and conventional 
plants. 
The model estimated what Bernard calls the "Service Time" when wearing an ice vest 
based on the weight of ice and the metabolic rate of the worker. It is based on a "mix of 
laboratory data and a simple model", and the resultant exposure time (service time) is 
based on the time to melt the ice and heat up the body. 
The equations provided by Bernard are: 
Light Work: 15 x wt [kg] +30 [min] 
Mod Work: 9x wt [kg] +20 [min] 
Heavy Work: 6x wt [kg] +10 [min] 
Using these equations, the following bar graph was developed for ice vests, containing 
ice with weights of 1 to 4 kg (in increments of 0.25 kg). 
The graph shows that they greater the ice volume (and therefore the weight) the longer 
the worker can be exposed to the conditions for each metabolic rate category (low, 
moderate and high). As it was not possible to obtain the original report, the author is 
unsure whether this would allow for the increase in metabolic rate associated with the 
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extra weight the worker has to carry. It may be advisable therefore to increase the 
estimated metabolic rate of the worker accordingly. 
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Figure 6 Results from Bernard's equations showing the relationship between the weight of an ice 
jacket and the estimated resultant Exposure Time 
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Chapter 4 HEAT STRESS INDICES 
"Body heat balance is a physiological requirement for comfort 
and health. " (Haines et al, 1952). 
4.1 What is a heat stress index? 
A heat stress index predicts heat strain of a person in a particular environment by 
integrating the effects of the basic parameters in any human thermal environment to 
provide a value or number that corresponds to the amount of strain a person may 
experience. Models (and indices) are by their very nature, limited in their functionality 
and as such the model (whether it be graphical or numeric representation, mathematical 
equations) will never be a perfect representation (Parsons, 1993). Therefore, when 
investigating models, errors or deviations from the observed are expected but the 
performance criteria is not so much how accurate it is, but rather whether or not these 
inaccuracies are significant in terms of the application or situation to which it is 
intended to be applied. This is very much the case in Human Modelling because there 
is such a wide variation between individuals in their physiological responses. This is 
still further complicated by the fact that much of our knowledge of human responses to 
thermal environments is incomplete. This however, by no means negates the potential 
that human modelling has in the development of research methods and practical 
applications to address human responses to thermal environments. 
4.2 Difficulties in modelling human 
thermoregulation 
The practical application of this theory is difficult since there is a conflict between the 
engineering application of a heat stress standard and its application by human 
physiologists. This conflict arises due to the precision of the relationships between the 
physical stress factors of the environment and the human's physiological responses to 
heat. As such Belding (1970) identified the need for a practical engineering application, 
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where the assumption is that a worker who maintains thermal balance with the 
environment does not "find the accompanying stress of serious consequence. " The 
philosophy being that the index would provide a benchmark that allows the calculation 
of the required evaporative capacity over the maximal evaporative capacity, allowing 
the comparison of one heat exposure with another over a variety of conditions. This 
provides the capacity to express heat stress in terms of evaporative requirements as an 
engineering, design and control tool, whereby the proposed changes to the conditions 
can be assessed in relation to the predicted physiological responses. This is a 
fundamental point, and one, which seems to have been lost over the proceeding years, 
where the identification of heat stress was the issue and not as much the evaluation of 
the proposed solutions as perhaps could have been. The use of algorithms to model 
human thermoregulation in terms of the heat balance equation requires that suitable 
coefficients (such as those for evaporation and convection) need to be considered so as 
to describe the environmental parameters. 
4.3 History of Heat Stress Indices 
There have been numerous attempts to develop an index that quantifies the risk of heat 
stress (Kerslake, 1972. ) The first heat stress index was an additive index (HSI) 
proposed by Belding and Hatch (1955) and was based on the heat balance equation. 
However, a thermal index has yet to be developed which can accurately predict a 
person's physiological strain to all environments (NIOSH, 1986). The increased power 
of computer modelling may provide the best quantative solution to the prevention, or 
reduction of risk, of heat stress (Goldman, 1988; Morris, 1994). 
4.3.1 Types of heat stress indices 
There are generally three types of methods used for the assessment of hot environments: 
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Table 4: Three types of heat stress indices 
Empirical: Data from laboratory studies provided data that makes it possible to predict the 
likely effects an environment will have on a human, (i. e. Physiological responses); 
Direct: Standardised measuring instruments are used to measure environmental parameters 
such as globe temperature; 
Rational: Calculations of the heat exchanges between the human and the environment 
provide a method to predict the human responses. 
Figure 7 describes a simplified information flow of climatic indices. According to 
Eissing (1995), a simple index value should allow for the comparison between 
environments, different working situations and different clothing ensembles. 
ENVIRONMENTAL PARAMETERS: 
Air Temperature 
Radiant Temperature 
Humidity 
Air Velocity 
ASSESSMENT 
CRITERION 
ýý 
PERSONAL PARAMTERS: 
Metabolic Rate 
Clothing 
INDEX 
VALUE 
Figure 7: A diagrammatic representation of calculating climatic indices as described by Eissing 
(1995) 
According to Levine et al (1998), a major advantage of using modelling is that a "wide 
variety and combination of input variables" can be investigated. However, as with any 
model, the predictability and the accuracy are dependent on the limitations of the model 
being used. Models of human thermal environments are limited by their inability to 
predict for all conditions, physiological responses, individual characteristics and all 
clothing ensembles. This was highlighted by Belding (1970) who provided the 
following advice to anyone who is "so bold as to improve on existing standards": 
0 One of the major problems seems to be the establishment of criteria which 
are representative of physiological stress and strain; 
To accurately predict the level of strain in such a way as to provide a 
practical application; 
51 
9 The "ultimate index should provide a means for rating time-limited 
exposures"; 
" The use of sweat rate is only really justified in terms of dehydration levels 
and salt depletion; 
" Mean skin temperature is the result of the effects of environment and 
metabolic heat loads on the circulatory efficiency of the blood and the 
evaporative cooling effectiveness. 
4.3.2 Effective temperature (ET) and corrected effective 
temperature (CET) 
The Effective Temperature (ET) scales were originally devised by Hougton and 
Yaglogou (1923) as comfort indices. This was revised by Yaglou (1927) who stated 
that it would be a good physiological index of stress (Leithead and Lind, 1964). ET 
takes wet bulb temperature, dry bulb temperature and air velocity into account but does 
not take into account radiant heat. Bedford (1946) proposed the replacement of an air 
temperature measure with the use of globe temperature to provide a measure of radiant 
heat. This produced the Corrected Effective Temperature (CET). 
4.3.3 The Heat Stress Index (HSI) 
The Heat Stress Index (HSI), was developed by Belding and Hatch (1955) as an 
analytical index that provides an expression on a scale of 0 to 100 that represents heat 
stress and hence heat strain and thereby the amount of time a worker can be exposed to 
a hot environment. Table 5 provides the equations used in the calculation of HSI and 
the resultant Allowable Exposure Times (AET), while Table 6 provides an 
interpretation of the HSI values. 
Table 5. Equations used in the calculation of the (HSI) and Allowable Exposure Times 
(AET), (from Parsons, 1993) 
Clothed Unclothed 
Radiation Loss (W. m-2) R= kl (35 - tr) for k1= 4.4 7.3 
Convection Loss (W. m-2) C= k2vO. 6 (35 - ta) for k2 = 4.6 7.6 
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Emax (W. m-2) 
Emax = k3vO. 6 (56 - Pa) (upper for k3 = 7.0 11.7 limit of 390 W. m-2) 
Ereq (W. m-2) Ereq = M-R-C 
Heat Stress Index HSI = (Ereq / Emax )X 100 
Allowable Exposure Time AET = 2440/(Ereq - Emax) mins 
Table 5 shows the equations for the Heat Stress Index, which is based on a comparison 
of Ereq and Em.. Although it is derived independently, the HSI value is related to the 
required skin wettedness (wreq) value (which is derived from Ereq/Emax). As such, it 
describes strain in terms of sweating, and because it multiplies the w«y value by a 100, it 
describes a prescriptive zone between 0 and 100 (see Table 6). When a value is 
obtained that is greater than 100, an AET is produced because it effectively means that a 
skin wettedness value greater than that capable of being produced is required. 
Table 6: Effects of environments at different HIS values to an eight hour exposure 
HSI value Effect of Eight Hour Exposure 
-20 Mild cold strain (e. g. recovery from heat exposure) 
0 No thermal strain 
10-30 
Mild to moderate heat strain - Little effect on physical work but possible effect on 
skill. 
40-60 
Severe heat strain, involving threat to health unless physically fit - Acclimation 
required 
70-90 
Very severe heat strain - Personnel should be selected by medical examination, 
adequate water and salt intake must be ensured. 
100 Maximum strain tolerated daily by fit acclimatised young men. 
Over 100 Exposure time limited by rise in deep body temperature. 
Table 6 describes the prescriptive zone as calculated by HSI. Note how as the HSI 
value increases so the strain imposed on the worker increases. Due to it's reliance on 
Em., HSI cannot be applied if temperature and humidity are high (BOHS, 1996). 
4.3.4 Recommended Exposure Limits (REL) and 
Recommended Alert Limits (RAL) 
These are two methods developed by NIOSH (1986) to provide Recommended 
Exposure Limits (REL) and Recommended Alert Limits (RAL) for workers exposed to 
a combination of environmental heat (WBGT) and metabolic heat. They are 
represented by limiting curves of one hour, time weighted averages for both 
environment and metabolic heat. Both are based on a standard worker who is healthy, 
acclimatised, normally clothed and limited to a deep body temperature of 38°C. The 
REL is based on an acclimatised worker while the RAL is based on an unacclimatised 
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worker. It is again evident that these methods are also based on normally clothed 
workers, and no account has been made for the "non-normal" nature of PPE. 
4.4 British, European and International 
Standards: Ergonomics of the thermal 
environment 
4.4.1 Introduction 
As part of the standardisation of information produced by the International Standards 
Organisation (ISO), Ergonomics standards have been developed to provide information 
to people concerned with the design, development and assessment of products, systems, 
equipment and workplaces. According to Nachreiner (1991) the purpose of these 
Ergonomics standards is to promote health and safety, well-being and worker efficiency 
both in terms of the performance of the worker as well as the performance of the system 
as a whole. As part of the Ergonomics standards, a series of documents intended for the 
assessment, control and management of the risk in of hot working environments. These 
heat stress documents are part of a larger scope of documents developed for the 
assessment of human thermal environments as a whole. 
4.4.2 Aims of the ISO Standards - Ergonomics of the 
thermal environment 
Parsons (1995)1 stated that the combined experiences and knowledge of those people 
who are experts/experienced in human thermal environments (e. g. environmental 
ergonomists and engineers, occupational hygienists and medics, thermal physiologists 
etc. ) enhance and enable the evolution and development of these standards. ISO 
Standards for Ergonomics of the Thermal Environment list a number of aims, which for 
this series of Standards in particular are: 
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" To provide a definition of terms that are to be used in the measurement, 
testing and interpretation methodologies, taking into account existing 
standards and those which are being drafted; 
" The "drafting of specifications relating to the method of the measurement 
for physical parameters characterising thermal environments"; 
" To provide the reader with a selection of methods of interpretation of the 
parameters; 
" In instances where exposure to thermal environments in areas such as 
comfort and extreme environments, the standards establish recommended 
or maximum levels of exposure; 
" The "drafting specifications relating to the method of the measurement of 
the efficiency of devices or procedures for individual or collective 
protection against heat and cold". 
4.4.3 The WBGT Index 
Introduction 
The WBGT index is an empirical index, which represents the heat stress to which an 
individual is exposed. It was developed during the 1950s by US military as part of an 
applied programme to reduce heat stress casualties in the US Marine Corps and was 
evaluated by Yaglou and Minard (1957) as a climatic index to replace the Corrective 
Effective Temperature (CET). The purpose of the WBGT was to provide a method that 
could be easily used in an industrial setting allowing a fast diagnosis. It is widely 
recognised that this has been done as a compromise between the need for a precise 
index and the need to be able to easily control measurements in an industrial setting 
(Parsons, 1994). This need for an easy to use method meant that the adoption of the 
WBGT as an International Standard was heavily influenced by the Threshold Limit 
Values (TLVs) set out by the ACGIH. A consequence of this compromise between ease 
of use and accuracy is that it applies to the evaluation of the mean effect of the heat 
during the period of the worker's activity. It does not however apply to those occasions 
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when the worker may be exposed only for short periods, nor where the heat stress limits 
are close to the zone of comfort. It also makes no provisions for estimating the effect of 
PPE. Therefore, the WBGT index is to be used to estimate whether or not a problem 
exists, by identifying whether the reference values are exceeded. If this occurs, the 
more advanced Standard (ISO 7933) is to be used to provide a more accurate estimation 
of stress. 
Calculation of WBGT 
The WBGT-index combines the measurement of two derived parameters; natural wet- 
bulb temperature (in,, ) and globe temperature (tg), and a direct parameter air temperature 
(ta). These measures are applied using the Equations 4 and 5. 
Inside buildings and outside buildings without solar load: 
WBGT = 0.7tov - 0.3tg (Equation 3) 
Outside buildings with solar load: 
WBGT = 0.7tW +O. 2tg +O. lta (Equation 4) 
The measurements are inputted into the equations above to obtain a WBGT value. The 
WBGT value is then compared to the reference values provided in the standard for the 
appropriate metabolic rate and state of acclimation of the worker. These reference 
values are provided in Table 4 of the standard (see Table 7 below). They refer to 
conditions where 95% of the working population can be repeatedly exposed to heat 
stress with no adverse health effects (ACGIH, 1998; Dukes-Dobos and Henschel, 1973). 
It is important to note that these reference values correspond to a given situation where 
the worker is physically fit, and in good health. The workers are also "normally 
clothed, with adequate salt and water intake and, if conditions stay within limits, are 
able to work effectively without exceeding a body core temperature of 38°C" (WHO, 
1969; ACGIH, 1998). 
Table 7. Reference values of WBGT heat stress index from ISO 7243. The values 
given relate to a maximum rectal temperature of 38°C 
Metabolic rate, M Reference value of WBGT 
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Metabolic Related to a Total 
Rate class unit skin (for a mean Person not person acclimatised surface area skin surface acclimatised to heat 
area of 
to heat 
W/m 2 1.8m2) °C oC W 
0 (resting) MS65 MS117 33 32 
1 65<MS130 117<M5234 30 29 
2 130<MS200 234<MS360 28 26 
Sensible air 
No sensible Sensible No movement 
air Air sensible air 
200<M-, 9260 360<M5468 movement movement movement 
3 
25 26 22 23 
4 M>260 M>468 23 25 18 20 
Limitations of WBGT 
0 The estimation of metabolic rate causes a high variability in reference 
values (Hill, 1985; Ramsey and Chai, 1983) which may be compounded 
by the difficulty of interpreting the results when small deviations in the 
reference values are observed; 
0 Pulket et al (1980) reported that under conditions of light work in humid 
environments, the WBGT correlates well with the skin temperature, but 
poorly with other physiological variables of heart rate, rectal temperature, 
and sweat loss; 
0 Ramsey (1987) showed that different physiological responses are 
obtained from the same WBGT values derived from a variety of thermal 
environments. They found that heat strain is underestimated when 
humidity is high and air velocity is low. The limitations of the WBGT 
index where evaporation of sweat is restricted by impermeable clothing or 
high humidity are therefore well documented. 
" Reference values are representative of the mean effect of heat, over a long 
period of work. It therefore does not provide a reference for those 
instances where workers are exposed to peak values of heat for very short 
periods of time (e. g. a few minutes). These exposures could be a result of 
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either exposure to a very hot environment or a short period of intense 
physical activity. In these cases the reference values may not be exceeded 
even though the heat stress may exceed the permissible value. The 
highest metabolic rate value is used as the reference value, where there is 
uncertainty about the metabolic rate that is to be adopted; 
" However, Griefahn (1994; 1997) reported finding that under conditions of 
thermally induced heat stress, that WBGT provided a suitable predictor of 
heat stress: 
" BS EN ISO 27423 does not provide corrections to WBGT values for 
different types of PPE, although the ACGIH TLVs (which are based on 
the WBGT index) do provide corrections for PPE. Recently there has 
been a suggestion that it could be brought into line with the ACGIH 
developments. This was attempted in BS 7963, however, ACGIH have 
made a number of alterations to their correction values recently. As such, 
until there are sufficient agreed correction values, the WBGT index may 
not be suitable for conditions where PPE is worn. 
WBGT Correction Values for PPE 
BS EN 27243 (WBGT index) provides WBGT reference values for hot environments 
based on the level of acclimation of the worker and the metabolic heat production rate 
while assuming that light summer clothing is being worn. Considerable research has 
been conducted to provide correction factors for different ensembles for application 
with WBGT reference values. The research that has concentrated on water impermeable 
garments has caused some debate. However, one area where there is agreement is that 
the values provided have been derived empirically and as such their window of 
application will be dependent on the application having the same ensemble, work rate 
and environmental conditions. Therefore, the wider application of these reference 
values should be implemented with caution. 
The ACGIH has provided a number of correction factors to the WBGT index for 
different types of clothing. In 2002 they changed the way this correction factor is 
applied. In the past, the correction was added to the measured WBGT value, however 
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they recommended subtracting it from the reference value. The ranges of correction 
factors reported were from about 6 to 11°C. Added to this, they have repeatedly 
changed the correction factor values each year. For example in 1988, a correction value 
of 2°C was allocated to cotton coveralls, while in 2000 the ACGIH correction value was 
3.5°C. 
Anunano and Nunneley (1992) attempted to address this problem with the Heat 
Humidity Index (HHI). HHI is an adaptation of the WBGT index whereby the effects of 
the protective clothing are emphasised by reducing the humidity coefficient from 0.7 to 
0.5 and the radiant and dry bulb coefficients are combined. The resultant equation is: 
HHI = 0.5Tdb + 0.5 Twb Equation 5 
Although this model has been shown to provide a valid estimation of the physiological 
impact of wearing protective clothing, this validity is limited to semi-permeable 
garments (Anunano and Nunneley, 1992). The humidity of the environment outside a 
non-permeable garment is irrelevant as the humidity inside the garment is assumed to be 
approaching 100% RH. 
The American Conference of Governmental Industrial Hygienists 
(ACGIH) 
The ACGIH provide an annual book for practical use by trained industrial hygienists 
called "Threshold Limit Values and Biological Exposure Limits. " These include 
Threshold Limits Values (TLVs) for heat stress. NIOSH states that "these Threshold 
Limit Values (TL Vs) refer to the levels of physical agents and represent conditions 
under which it is believed that nearly all workers may be repeatedly exposed day after 
day without adverse effect. " Further practical information and advice regarding 
working practices in hot environments supplement the TLVs. The TLVs however, 
provide a method of determining heat stress in terms of WBGT values that are based on 
physically fit, acclimatised workers wearing summer clothing. Recently the ACGIH 
TLVs have included corrective values based on different types of PPE, which are 
subtracted from the reference value so as to take into account the effects the PPE may 
have on the wearer. 
59 
Chapter 5 The SWreq Index 
When WBGT values are exceeded, the user is directed to the required sweat rate model 
for a more detailed analysis of the work environment. 
5.1 Introduction 
The Predicted Heat Strain Index (PHS) has replaced the SWreq index. 
The Required Sweat Rate (SW. ) is a rational/analytical index that is based on the heat 
balance equation. It was developed at laboratories in Strasbourg by Vogt et al (1981), 
evaluated by an ECSC project in industrial contexts and was finally published in 1989. 
For a full description of the methods (and computer program listing), the reader is 
referred to the Standard. 
The parameters used to measure and define the thermal environment are air 
temperature, mean radiant temperature, humidity (in the form of partial vapour 
pressure) and air velocity. These are inputted into the model along with the clothing 
insulation value, metabolic rate and posture. The model then calculates the heat 
exchange between a standard person and the environment through convection and 
radiation, as well as respiratory heat loss. Other processes, such as sensible heat loss for 
cotton clothing, convection and radiation coefficients, are also modelled. Since the 
evaporation of sweat is the main driving force for heat loss, the model predicts the sweat 
rate required to facilitate the evaporation required to maintain zero heat storage. One of 
the main calculations therefore is the calculation of mean skin temperature. The model 
then interprets these calculations to provide a Duration Limited Exposure (DLE) in 
minutes. If the required sweat rate can be achieved, without unacceptable dehydration, 
heat storage or wettedness, then an eight-hour exposure is acceptable. If not, then an 
acceptable work period (DLE) is calculated., 
If heat balance is not maintained then core temperature will rise as a result of heat 
storage. If the required sweat rate can be achieved and does not exceed the maximum 
allowable water loss, then there will not be a time limit due to heat exposure in a 
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working day. If the maximum allowable water loss value is exceeded, then a Duration 
Limited Exposure (DLE) is imposed, based either on the amount of water lost or the rise 
in core temperature. The index will then provide limiting values based on the maximum 
amount of allowable water loss without dehydration occurring, or the time for core 
temperature to reach 38°C (estimated from heat storage). These limiting values are 
known as Duration Limited Exposures (DLE). SWrcq provides a method for identifying 
the relative importance of the different parameters that make up human thermal 
environments, thereby allowing for the assessment of control measures that may be 
employed (see Figure 8). However, the BOHS (1996) states that the standard is 
"complex and difficult to use, and does not lend itself to occasional or casual use. " 
INPUT DATA 
ENVIRONMENTAL 
Air temperature (°C) 
Radiant temperature (°C) 
Wet bulb temperature (°C) 
Air movement (m/s) 
Mean radiant temperature (°C) 
Partial Vapour Pressure (kPa) 
OUTPUTS (including) 
PERSONAL 
Metabolic Rate (W. m') 
Area of body exposed (Ar/Adu) 
Clothing insulation (clo) 
Mean skin temp Max evaporation rate 
Required evaporation rate Required Sweat rate 
0 
INTERPRETATION 
STATE OF ACCLIMATION LEVEL OF PROTECTION 
Acclimatised and unacclimatised Alarm & Danger Criteria 
Exposure limited by Duration Limiting Exposure due 
Sweat Loss Increase in Deep body Temperature 
Figure 8: Diagrammatic representation of the inputs, outputs and interpretation of 
model 
The SWreq equation, through the use of r«a, takes into account the dripping of sweat 
from skin, which does not contribute to heat loss. 
NOTE: The sweat rate in watts per square metre represents the equivalent in heat of the 
sweat rate expressed in grams of sweat per square metre of skin surface per hour. 
1 W/m2 corresponds to a flow of 1.47 g/(m2. h) [for standard subject (1.8 m2 of body 
surface) a flow of 2.6 g/hI. 
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5.2 Limitations of SWreq 
Due to the complex intra- and inter-individual physiological responses it is very difficult 
to predict, with accuracy, an individual's responses to their environment. It is made all 
the more difficult in real world situations, where PPE, transient environmental 
conditions and variable metabolic rate may not reflect the static conditions found in 
laboratory studies. This was highlighted by Kampmann and Pierkarski (1999) who 
stated that comparisons between observed and predicted data needed to be made. They 
recommended two variables for such a comparison: 
0 The SWp can be compared with those values actually observed; 
" Those core temp rises that are determined in experimentation (Atre) can 
be compared with the limit value . 0.8°C 
(for Alarm Criteria) and 1°C (for 
Danger Criteria). 
Furthermore, they query whether the limit values are explained in such a way that they 
are meaningful to the reader (wm SW. , Qm. , D.,,, ). 
5.2.1 Environmental envelope of application 
ISO 7933 is not valid for all thermal environments. The standard described the 
boundary limits of its performance envelope for predicting mean skin temperature 
(Table 8) 
Table 8: The range and unit of measure for each parameter to determine mean skin 
temperature 
Parameter Unit Range 
to °C 22.9 to 50.6 
tr °C 24.1 to 49.5 
P, kPa 0.8 to 4.8 
V. m. s'l 0.2 to 0.9 
M W. m Z 44.6 to 272 
Iii CIO 0.1 to 0.6 
tsk °C 32.7 to 38.4 
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Kähkönen et al (1992) in their study of the applicability of ISO 7933 in Tanzania, found 
that even when WBGT index did not limit the work ISO 7933 provided DLE time limits. 
Peters (1991) also reported this, with some 90% of cases providing the same result. 
Kähkönen (1993) also stated that the use of indices as a predictive tool to estimate the 
effects of introducing controls in advance was a useful practical application in industry. 
It was decided therefore to use this principle as part of both the usability and validity 
study of ISO 7933 (SWreq) for this study. 
One area where the usability could be a problem was provided by Kähkönen (1993) 
who stated that the model should provide information to the user when a parameter 
outside the operating envelope of the model is inputted. The relative advantage of using 
a heat balance equation index over the use of an index such as the effective temperature 
scale is that it combines the four environmental parameters and therefore does not 
obscure their respective contributions to the problem. It also allows the user to apply 
solution engineering and/or administrative controls to the situation and to assess what 
impact these individual or combined changes will have on the worker. 
Cooke et al (1961) provide an important example of the necessity of being able to 
identify the effects of individual parameters when assessing the problems encountered 
in mines. They stated that of the four environmental parameters, the two that can most 
easily be controlled by mine ventilation engineers are air velocity and air temperature. 
Air velocity is controlled either by the amount of air fed into the tunnels or the 
distribution of the air in the tunnels. Air temperature changes usually arise as a result of 
changes in air velocity, however they can also be changed independently. Mean radiant 
temperature in mines is dependent on the surface temperature of the rock, which in turn 
is a function of the virgin rock temperature, and the time the surface has been exposed 
to ventilating air. However, mean radiant temperature is not of much concern in mines 
because there is much evidence that the physiological responses at a mean radiant 
temperature of a couple of degrees above air temperature are relatively much less than 
those experienced when there is a1 °C increase in wet bulb temperature. 
Kampmann et al (1995)2 who have also used coalmines as an area for applying ISO 
7933 have identified what they call "considerable" problems in the practical application 
of the standard, when comparing those studies performed under climatic chamber 
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conditions and those in the field. Specifically they mentioned practical difficulties with 
establishing limit values for those measures described by Belding as being essential: 
" Maximal degree of skin wettedness - wmax 
" Maximal sweat rate - SWmax 
" Maximal permissible heat storage - Qmax 
" Maximal permissible degree of dehydration - Dmax 
" and the evaluation of the thermal environment in situations where the 
worker was clothed was also a problem. This is especially the case where 
clothing is saturated with sweat. 
Although they state that ISO 7933 (1989) was an improvement on the earlier 1985 
version. Kampmann et al (1995)2, identified two main areas that they felt needed to be 
addressed: 
" They questioned the results as being "misleading" when evaluating the 
combined exposure of climatic stress at a combination of climatic 
conditions. Specifically warm and humid environments. 
" They raise the issue that the "alarm" and "danger" limiting criteria have 
not been sufficiently defined. 
5.2.2 The Influence of Clothing on SWreq 
Since the model is based on the heat balance equation, its ability to predict the heat lost 
due to evaporation of sweat is critical and as such, so are the effects of clothing. 
Parsons (1995) states that the "description and quantification of the effects of clothing, 
by the standard are overly-simplistic". The effects of air velocity, the pumping effect, 
clothing insulation etc should be considered to provide a resultant insulation and 
evaporative resistance of the clothing rather than using the standard basic data. Another 
problem is that there is no consideration for evaporative heat loss when clothing is 
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worn, such as the wicking effect where water is evaporated from the clothing surface. 
Also evident from the equation is the omission of quantifying the pumping effects of air 
movement within the garment when the wearer moves. Only the intrinsic clothing 
insulation of garments and ensembles worn are considered, with no consideration given 
for other material properties such as vapour impermeability (im). This is a recognised 
weakness and as such was to be addressed by the European research project BIOMED 
HEAT in the development of the new Predicted Heat Strain (PHS) model. 
5.2.3 Predicting Skin Temperature 
SWr, q estimates mean skin temperature as a function of the environmental and personal 
parameters (ISO 7933). An alternative for mean skin temperature is provided in the 
Annex C for 1cl values greater than 0.6 clo, whereby the program is altered to make an 
approximation of tsk equal to 36°C. Parsons (1995) suggests that although this method 
is "crude", it may provide a sensible alternative. The validation stage of the present 
research project will investigate this. 
In a series of studies conducted by Kähkönen et al (1992), the mean skin temperature 
was adapted in the model to equal 34.5°C when the environmental conditions exceeded 
those for which the SWreq model is applicable. However, the standard recommends 
adapting the mean skin temperature to 36°C. This was acknowledged in their work but 
provided a practical example of the modification of SW1eq mean skin temperature 
parameter in the assessment of field conditions. The use of this 36°C fixed skin 
temperature value was originally used in the SWr, q model and was criticised by 
Mairiaux et al (1986) and by both Malchaire (1986) and Hettinger et al (1987) in the 
final report of the ECSC project. However, the acceptance of an appropriate equation 
was complicated when the different data sets of different authors were compared with 
respect to their proposed equations. Mairiaux and Malchaire discussed the differences 
between the following equations proposed by Mairiaux et al (1987) and Hettinger et al 
respectively (both references cited by Mairiaux and Malchaire and not referenced here). 
tsk = 30 + 0.138ta + 0.254Pa - 0.57Va + 0.00128M - 0.553I, l (6) 
tsk = 30.67 + 0.10ta + 0.46Pa - 0.0099M + 0.481ct. (7) 
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A main difference between these equations is the coefficient for the clothing insulation 
owing to the differences in clothing worn during the studies that developed the 
equations. For the first equation subjects were wearing light clothing (0.5 to 0.6 clo) 
and in the second they wore heavy clothing (0.7 to 1.0 clo). This shows the difficulty of 
modelling for skin temperature where one coefficient needs to be valid for all possible 
clothing ensembles. Work by Candas (1987) referred to by Mairiaux and Malchaire 
showed that when the tsk predictions were compared to measured tsk data that the 
equations underestimated by a mean of 1 and 2.4°C respectively. These differences 
were significant above 30°C air temperature. The equation provided in the SWrcq model 
is an adapted version of Mairiaux's equation where the air temperature coefficient has 
been divided by three and reallocated into two coefficients, one for air and one for 
radiant temperature. This author questions whether the mathematical allocation of the 
coefficients by two thirds of 0.138 (=0.093) air temperature and one third (0.045) to 
radiant temperature is a valid process. No literature could be found to support this 
allocation, although a review of the coefficients presented in the WBGT index shows 
that two thirds are allocated to globe temperature and one third to air temperature. 
Although a direct comparison between the two models cannot be made, it provides for 
an interesting analysis and questions the science behind the SWTeq skin temperature 
coefficients. 
tsk = 30.0 + 0.093ta + 0.045tr - 0.57Va + 0.254Pa + 0.00128M - 3.57I, 1 (8) 
Knowledge of thermal physiology would indicate that a simple linear regression 
equation could not accurately predict skin temperature nor could such an equation be a 
causal model. An example of this is the term involving clothing insulation (1,, ). It can 
be seen that if clothing insulation increases, then skin temperature falls. This is contrary 
to what would be expected. 
This point not withstanding, if air temperature equals radiant temperature, then the 
expected error would be between 1°C and 2.4°C (from Candas above). This error 
seems to be beyond what should ordinarily accepted considering the interdependence of 
the parameters in the SW q model and the fact that small variations in skin temperature 
can actually severely restrict the worker's ability to cope with heat (Goldman, 1988). 
Underestimating mean skin temperature results in errors in other areas of the heat 
balance equation (Mairiaux and Malchaire, 1988). This is illustrated by Wadsworth and 
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Parsons (1986) who reported observed mean skin temperatures of between 37 and 38°C, 
which, according to Goldman (1988), is within the range in which people are at risk to 
heat induced collapse. 
5.2.4 Predicting Evaporation 
Another area of concern is the validity and applicability of the relationship between the 
evaporative efficiency of sweating to skin wettedness. The original equation was 
developed from work by Candas et al (1979) on supine subjects at rest, however work 
by Alber- Wallerström and Holmer (1985) showed that there was less evaporative 
efficiency for subjects who were exercising upright than those in Candas' work. 
This evaporation will be dependent on the ambient humidity of the environment. The 
evaporative capacity (Emax) is higher in a dry environment than in an environment 
where the humidity is high. The ratio between E,, q and Ems will determine how much 
evaporation is possible and is described as required wettedness (w«y), first proposed by 
Gagge (1937) and adopted independently into the Heat Stress Index (HSI) (Belding and 
Hatch, 1955). 
5.2.5 Predicting Sweat Rate 
In their assessment of the validity of predicted sweat rates compared to observed sweat 
rate, Mairiaux and Malchaire (1995) reported strong correlations. This seems at odds 
with other research. Kampmann et al (1992), reported from studies in coalmines that 
the model underestimated the predicted sweat rate in experiments where low I"l values 
were observed and significantly overestimated the predicted sweat rate with high Ißt 
values. Hanson and Graveling (1997), referring to the work by Voss et al (1991), 
reported that if the model were used to evaluate a warm humid environment, the 
observed sweat rates may be considerably higher than the maximal sweat rate (SW.,,,, ) 
limit of 1000 g/h. The limitation imposed by the low SW.. value will predict that less 
sweat is produced than is observed and as such the model will predict that less heat is 
lost than is observed. The result of this under prediction of heat loss will be that the 
predicted DLEs will be lower than the observed DLEs. 
This was illustrated by Alder-Wallerström and Holmer (1985), who found sweat rates of 
1152 ±462 g/h and 1206 ± 330g/h which were greater than the SW,,,. values described 
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in Table C. 2 of the Standard of 520 g/h (alarm) and 650 g/h (danger). Kampmann 
(1995) referred to Voss et al (1991) stating that there were "considerable errors" when 
the observed data were compared to the predicted values, in both the prediction of sweat 
rate in humid and warm situations and the rise of core temperature. This was supported 
by Hanson and Graveling (1997) who reported that if the model was used to evaluate a 
warm humid environment, the observed sweat rates may be considerably higher than the 
maximal sweat rate (SWmax) limit of 1000 g/h. 
The poor validity of the SWr, q index in humid environments has been described by a 
number of authors. The SWreq model was then used to predict a DLE based on the 
conditions of each experiment. They found that although a danger DLE of 29 minutes 
was predicted (based on an excessive rise in body temperature to 38°C), a mean 
observed deep body temperature of 37.8°C with the 60 minutes was reported. 
Therefore, subjects were able to stay in the environment for significantly longer than the 
model predicted. This is supported by other authors, including McNeill and Parsons 
(1999) and Peters (1995), who showed that the index provides a conservative prediction 
of the physiological responses of workers due to an over prediction of the effects of the 
thermal environment. 
This is further complicated by the assumed maximal degree of skin wetting (wma. ), 
where wm may not be exceeded (as described in Section 5.2 of the standard). This 
causes the SWp to be reduced. This is not necessarily an issue under hot dry conditions 
where SW.. will limit the SW,. However in warm humid environments where skin 
wettedness exceeds the wmax limit value for the criteria under which it is being applied, 
the limit value will result in a lower SWmax and as such a lower SWp, which in turn will 
result in a lower predicted DLE. 
Kampmann (1995) referred to Voss et al (1991) stating that there were "considerable 
errors" when the observed data were compared to the predicted values, in both the 
prediction of sweat rate in humid and warm situations and the rise of core temperature. 
Kampmann and Pierkarski (1995) found that a comparison between the predictive 
capacity of the standard with observed data from laboratory and field studies can be 
made by comparing the predicted sweat rate (SWp) with the observed values for sweat 
loss. And Mairiaux and Malchaire (1995) questioned the use of a maximum skin 
wettedness (w,,, a,, ) value of 0.85 for unacclimatised subjects. Candas et al (1983) quotes 
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work by Belding and Kamon (1973) which mirrored his own findings that, where skin 
wettedness is greater than 50%, unacclimatised workers exhibited a constant increase in 
core temperature and as such that exposure times should be limited or should restricted 
to acclimatised workers. 
A problem with the work reported by Mairiaux and Malchaire (1995) is that although 
the slope values and corresponding correlation coefficients were presented, no analysis 
of the residuals was provided. This would show the magnitude of the error in the 
prediction of observed data. The practice of only providing correlation coefficients as a 
measure of validity is flawed as it only provides an indication that there is a relationship 
but not how accurate that relationship is. Their main finding was that an exponential 
model of sweat rate would improve the accuracy of the predictions. As a result of this, 
and work by Hettinger et al (date) the BIOMED HEAT project tried to develop such an 
equation. 
5.2.6 Predicting Core Temperature 
Alder-Wallerström and Holmer (1985) reported that their studies showed that ISO 7933 
predicted a danger DLE at 29 minutes based on an excessive rise in body temperature 
(rise to 38°C), while an observed alarm category rise (to 37.8°C) in temperature was not 
observed within the experiment lasting 60 minutes. There has also been research that 
has shown that the index provides a conservative prediction of the physiological 
responses of workers due to an over prediction of the effects of the thermal environment 
(McNeill and Parsons 1999; Peters, 1995). Wadsworth and Parsons (1986) on the other 
hand, found that the SWr,, q model under-predicted the effects of the thermal environment 
when comparing the DLE with observed deep body temperature. One explanation may 
be that the model that Wadsworth and Parsons (1986) and Mairiaux and Malchaire 
(1986) studied was the original ISO DIS 7933 (1983), which had a fixed mean skin 
temperature of 36°C. Therefore any direct comparisons between this earlier work and 
later work investigating ISO 7933 (1989) would not be possible. Although Wadsworth 
and Parsons (1986) did alter the skin temperature by ±1°C and they reported that this 
did not have an effect on the predictive accuracy of the model 
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5.2.7 Determining Limit Values 
Kampmann and Pierkarski (1999) highlight the importance of the effects of the limiting 
values on the permissible exposure times. The fact that the ISO 7933 SW«y is based 
upon a rational model of human heat balance means that any limiting reference values 
that may be used to calculate the predicted values are not independent of each other and, 
as such, if they are incorrect they may influence predictions other than those, which they 
are limiting. This they state, may "confuse" the results of the predictions. 
The interdependence of the limit values means that if the predicted values are not 
accurate, then inaccurate results may be achieved. However this is not a result of the 
interdependence of the limit values, but rather a result of the reference values such as 
the Dma,, being inaccurate. Kampmann et al (1995) cite as an example that, during 
chamber trials, the observed sweat rate was higher than the predicted SWmax. The result, 
due to the equation, is that the heat storage is unrealistically high, due to the dependence 
of the core temperature heat loss on the sweat rate. The problem is not with the 
interdependence of the limit values but rather with the accuracy and validity of the 
predictions. If an index is to provide limiting values, which are representative of the 
input values of an equation, then there is no alternative for the values to be but 
dependent. Perhaps what should be questioned is the validity of the interdependence 
within the index models (i. e. do small variations in metabolic rate have a representative 
effect on DLEs etc. ). 
Parsons (1995) quotes Kampmann et al (1992) to provide possible reasons for the poor 
performance of ISO 7933 under warm humid conditions: 
1. The interdependence between core temperature and sweat rate in the model 
is not a valid representation of the thermo-physiological effects. 
2. Both the predicted sweat rates and the maximum sweat rates on which they 
are based are exceeded by observed sweat rates in field and laboratory 
studies. 
3. The previous point leads to a poor prediction of heat storage and therefore an 
over prediction of the core temperature increases, thereby under-predicting 
the DLE time limit. 
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4. The effects of drinking are not taken into account and they should be. 
S. Effects of clothing on thermoregulation are not representative of observed 
effects. 
6. Calculation of the mean skin temperature is over simplistic. 
7. Wmax should not be a limiting criterion under warm-humid conditions. 
This poor performance of ISO 7933 and the resultant uncertainty is in itself a risk and 
therefore, it seems, has not been extensively used. 
5.3 BIOMED HEAT and the Predicted Heat 
Strain (PHS) Model 
5.3.1 Introduction to the BIOMED HEAT project 
Eight European laboratories collaborated on a project concerned with the assessment of 
hot working environments and the improvement of the predictive capabilities of ISO 
7933. The laboratories were located in Belgium (1), Germany (3), Italy (1), 
Netherlands (1), Sweden (1) and Loughborough in the UK. The projects were led by 
the following scientists: Malchaire (Co-ordinator), Griefahn, Gebhardt, Kampmann, 
Alfano, Havenith, Holmer and Parsons respectively. The three-year programme (1996- 
99) involved two phases. Phase I was concerned with the development and collation of 
knowledge in areas required to improve the method described in ISO 7933. These 
included heat exchange through clothing, prediction of mean skin temperature, 
conditions with high humidity, the evaporative efficiency of sweating, criteria for 
estimating exposure times, and a measuring strategy. Phase II provided a validation 
stage and the development of a new model along with a philosophy of application. The 
results have been published in a series of eight papers (Malchaire et al, 1999 - 2000). 
Malchaire (1999) provided the following list of the criticisms of ISO 7933: 
1. Skin temperature prediction; 
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2. The effect of clothing on convection, radiation and evaporation; 
3. The combined effects of clothing and movement (the pumping effect); 
4. The link of metabolic rate and the increase in core temperature; 
5. The accuracy of the prediction of sweat rate in very humid conditions; 
6. The limiting criteria (i. e. the SWmax, Emax, Qmax, Dmax), and specifically the 
Alarm and the Danger criteria level; 
7. The maximum water loss allowed to predict dehydration levels. 
As a result of the BIOMED HEAT collaboration and past research into the validity of 
ISO 7933, a number of changes were to be made to the predictive algorithms. 
Additionally a major shift in philosophy was observed, whereby the DLE would no 
longer predict for "alarm" and "danger" criteria but for the mean subject (Kampmann, 
Malchaire and Piette, 1999). Figure 9 uses the same process as used in Figure 8(SW«q) 
to describe visually some of the aspects of the new PHS model. The underlined input 
values are new to the PHS model and were not inputted into the ISO SWCeq model. 
72 
INPUTS 
State of Acclimation 
Duration 
Air temperature 
Radiant temperature 
Partial Vapour Pressure 
Air movement 
Metabolic Rate (W) 
Clothing insulation 
Emissivity of Protective Clothing 
Permeability Index of clothing (im) 
Fraction of body area protected 
Posture (sitting or standing) V)l I Fl Lm 
intskusert 
in tco over tin 
1 
INTERPRE FA I'IO\ 
DLE (based on) 
" Belt Rate - 
(%. 511ö &5 V1 . 11Cf ýý '' 
"( ore iernp)er-ature title to ;ý (' 
Figure 9: Diagrammatic representation of how the PHS model may be 
control options 
valuate possible 
5.3.2 Developing the Predicted Heat Strain (PHS) model 
Through the collaboration of the eight partners, a database was generated of 11 13 
experiments (one subject per experiment) with minute-by-minute data of environmental 
conditions and physiological responses. It consisted of 747 laboratory and 366 field 
experiments. The laboratory experiments were divided into 2 subsets with 369 (subset 
1) and 378 (subset 2) experiments. Subset 1 was used to generate the PHS model and 
subset 2 to validate it. Male subjects made up 1020 of the experiments and 452 of the 
subjects were acclimatised. More than 50% of the laboratory data consisted of 
experiments on nude or semi-nude subjects (clo<0.5) and 95% of the field experiments 
had clothed subjects. From the data used, the following ranges for each parameter were 
generated for which the model would be validated. 
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Table 9: Range of data for each input parameter for which the PHS model has been 
validated (from Piette and Malchaire, 1999) 
Ranges of validity of the PHS model 
Min Max 
t, (°C) 15 50 
Pa (kPa) 0 4.5 
trto (°C) 0 60 
Va (m. s-') 0 3 
mm 100 450 
IC (CIO) 0.1 1 
One of the major criticisms of the SWreq was that it was only validated for clo<0.6 and 
did not take PPE into account. This table shows that PHS will only be valid for clo<1, 
which again seems to not be valid for most of the PPE that may be worn. NIOSH 
(1986) stated that most PPE worn in industry had an insulation value of about 2 clo. 
5.3.3 BIOMED HEAT Validation of PHS 
Data considerations 
The BIOMED HEAT project evaluated the validity of the PHS model when compared 
to observed data. Statistical weight was afforded to each experiment dependent on 
duration, thereby negating the effects that time may have had. The following criteria 
were used to produce the Table below: 
1. Mean sweat rate over the whole experiment was used. 
2. One rectal temperature per hour (randomly selected) was used. 
Some of the results of the BIOMED HEAT analysis (from both the statistics and the 
scatter plots) are presented below. 
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Table 10: Regression between observed and predicted temperatures and sweat rates 
(Piette and Malchaire, 1999) 
Lab Field 1 2 Subset 1&2 
Sweat Rate (g/h) 
N 327 345 672 237 
Observed (meantsd) 415±159 432±183 424±172 317±187 
Predicted (mean±sd) 448±151 454±157 451±154 344±132 
Slope 0.768 0.900 0.848 1.056 
Intersection 63 23 48 -46 
r 0.7461 0.7730 0.7601 0.7448 
Alpha 0.911 0.924 0.918 0.851 
Alpha (C195%) 0.537-1.506 0.543-1.539 0.540-1.523 0.328-1.936 
Observed - Predicted -33.2±110.4 -22.1±117.4 -27.5±114.1 -26.7±125.1 (mean±sd) 
Rectal Temperature 
N 938 999 1937 1028 
Observed (meanfsd) 37.44±0.47 37.46-0.48 34.45±0.47 37.40±0.44 
Predicted (mean±sd) 37.46±0.47 37.48-0.48 37.46±0.47 37.40±0.34 
Slope 0.639 0.668 0.664 0.770 
Intersection 13.49 12.43 12.57 8.6 
r 0.644 0.6712 0.6585 0.5940 
Alpha 1.000 1.000 1.000 1.000 
Alpha (C195%) 0.979±1.020 0.980-1.020 0.980-1.020 0.981-1.019 
Observed - Predicted -0.01±0.40 -0.01±0.38 -0.01±0.38 -0.01±0.36 (mean±sd) 
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Piette and Malchaire (1999) attribute the difference in the appearance of the scatter plots 
between the laboratory and field trials to the "precision of the climatic and 
physiological measurements" being lower in the field resulting in their observation that 
"the correlations between observed and predicted values are lower and the 95% 
confidence intervals are larger. " However, if the statistics in Table 10 are viewed, this 
difference is actually quite small and could be attributed to the larger sample size in the 
laboratory set (subset 1& 2). A further comparison of the mean ± standard deviation of 
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the difference between the observed and predicted values shows that here too, the two 
data sets perform similarly. 
The mean sweat rate over the whole experiment is a reasonable criterion to use as it 
allows for the estimation of sweat rate in grams per hour. The difference between the 
95% Cl for the sweat rates from both sets of data however is relatively small since the 
units are in grams per hour. 
The validity study is based on the accuracy with which the PHS model can predict 
random rectal temperatures to within 95% CI that are considered safe. This equation 
was developed by extrapolating predictions from a selection of one rectal temperature 
per hour. This seems to be an inappropriate validation criterion as it raises a number of 
issues for which the validity of the model will not only be dependent but which users 
would judge its success; the model predicts safe exposure duration (min). The use of a 
random rectal temperature that is neither time-dependent nor limit criteria dependent 
(i. e. t 38°C) does not allow for the comparison of the most critical output from the 
user's point of view: TIME. How the tTe deviations around the regression line of the 
relationship between randomly, non-time-dependent selected data, will translate into 
deviations of time is not quantified. 
Another inaccuracy may be that the validators have established 95% CI (see scatter 
plots), for individual data points and not the mean. Since the purpose of the PHS model 
is to predict the mean DLE and therefore the duration to a mean AG, to 38°C, any CI 
limits should be established for the scatter around the mean value and not around 
individual values? Although the data sets had been weighted to negate the effects of 
time, the actual time for Atre to 38°C should have been investigated and compared to 
predicted data. 
The fact that the tre slope does not have a time coefficient means that there is no way of 
establishing what this effect would be in terms of time when points at or near the CI 
limits are observed. Kampmann eta! (1999) and Piette and Malchaire (1999) presented 
graphs showing how the DLEs for each model changed with different input values (two 
parameters while all the others are held constant), from which they concluded that the 
PHS model provided more "realistic results" than the ISO model. Yet no direct 
statistical comparison of the ISO and PHS DLEs was made. No statistical analysis was 
performed by BIOMED HEAT to compare the predicted and observed DLEs for the 
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increase in core temperature. This, combined with the inappropriate use of the Atrc and 
not the DLEs as the validation criterion, means that the validity of the PHS model to 
predict safe work times has not yet been established. 
5.3.4 Conclusions 
The following conclusions can be drawn from this literature review: 
1. There has been extensive research into providing a valid heat stress index 
and a number of indices have been produced and are used; 
2. There is a system of international standards that can contribute to the 
assessment of hot environments; 
3. ISO 7933 (1989) provides a comprehensive heat stress index (SWreq) and 
method of assessment of hot environments. However, there is growing 
evidence that it has limited validity and is not usable; 
4. A BIOMED European research project has updated the methods used in ISO 
7933 and integrated the results into a new index - the Predicted Heat Strain 
(PHS); 
5. The PHS index has been validated by those who developed it but further 
validation is required; 
6. The validity and usability of both ISO 7933 (SWreq) and PHS models need 
to be established as part of a systematic approach to developing a heat stress 
assessment method for British industry. 
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PART III 
VALIDITY OF ISO 7933 (SWREQ 
AND PHS) 
PART III consists of Chapters 6 and 7 and is concerned with the validity of the SWreq 
and/or PHS index. Chapter 6 provides a theoretic evaluation of the face validity of the 
SWreq index through an evaluation of predictive outputs in hyperbaric environments 
(Heat Stress in Compressed Air -A Theoretical Analysis of the Face Validity of SWreq 
Index). Chapter 6 consists of Sections 6.1 (Introduction) 6.2 (Aim), 6.3 (Method), 
6.4 (Results and Discussion), and 6.5 (Conclusions) 
CHAPTER 7 presents the laboratory evaluations of the validity of the ISO 7933 (SWreq 
and PHS indices) and contains Sections 7.1 to 7.14. Section 7.1 (Introduction to the 
Validity Study), 7.2 (Aims of Studies), 7.3 (ISO 7933 SW«Q and PHS models used) and 
7.4 (Data Considerations) provide the background information for the three studies 
presented in 7.5,7.6 and 7.7. The results are then presented in 7.8 (Results of the 3 
Studies - Comparison of ISO 7933, ISO(Mod), PHS and Observed Physiological Data), 
7.9 (Comparison of Within Model Predictions for Estimated and Measured Metabolic 
Rate Inputs), 7.10 (Comparison Between ISO and PHS Model Sweat Rate Predictions 
and Observed Data), 7.11 (Comparison Between ISO And PHS Model DLE 
Predictions and Observed Data) and 7.12 (Comparison Between Models). The results 
of the studies are discussed in 7.13 and the Conclusions in 7.14. 
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Chapter 6 Heat Stress in Compressed Air -A 
Theoretical Analysis of the Face 
Validity of SWreq Index 
6.1 Introduction 
The risks of decompression sickness and otseonecrosis associated with working in 
compressed air tunnels have been well researched. However, according to O'Brien et 
al, (1997) the risk of heat stress has largely been ignored, which, considering the 
thermal environment, is surprising. Heat stress is a significant risk in warm humid 
environments even when the metabolic rate is low because evaporative cooling via the 
mechanism of sweat evaporation is reduced. The effects of humidity in compressed air 
tunnels may be further compounded because convective and evaporative heat loss are 
both dependent on air pressure. In hyperbaric environments convective heat loss 
increases, while evaporation is reduced. Since the evaporation of sweat is the driving 
force for heat loss from the human body, heat stress appears to be a risk factor in 
compressed air tunnelling. Current heat stress risk assessment standards require the 
application of heat stress indices such as the "Wet Bulb Globe Temperature" (WBGT) 
and the "Required Sweat Rate Index" (SWicq). These indices though do not take 
account, or allow for, either hyperbaric or hypobaric environments. Parsons (1992) first 
proposed the use of heat stress indices in compressed air tunnelling environments, 
which lead to work by O'Brien (1996) and O'Brien, Parsons and Lamont (1997). This 
section describes a study to evaluate the validity of using the SWreq to assess the risk of 
heat stress in hyperbaric tunnelling conditions (Bethea, 2002; Bethea and Cartney, 
2002). 
Since no experimental data was available against which to validate the SW eq index, the 
validation had to be theoretical. To control for confounding variables, a literature 
review was conducted to obtain thermal environment, metabolic rate and clothing data 
in compressed air tunnelling tasks. Included in the review were data from outside of the 
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UK, including Germany, Singapore, and South Africa. This would enable the 
"universality" of the index to be explored. 
6.2 Aim 
The aim of this theoretical evaluation was to assess the face validity of the SWfeq index 
for use in compressed air tunnelling environments. 
6.3 Method 
Representative data was entered into a modified version of SWreq index to account for 
atmospheric pressure. Data was scrutinised for anomalies or departures from that which 
might be reasonably expected. 
6.3.1 Modifications to SWreq for Hyperbaric Environments 
When the convective and evaporative coefficients for air at atmospheric pressure and 
the temperature are known, the consequences of changing the pressure can be predicted. 
Parsons (1992) recommended the following adaptations to the SWreq model to take 
account of compressed air environments. 
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Table 11: Formulae used in the calculation of the heat balance equation for the SWtcq 
index, (from Parsons, 1992 ) 
SWreq Equations at Proposed modifications 
Parameter atmospheric pressure to account for 
(1 ATM) compressed air 
Respiratory heat loss by 
2 C,,, = 0.0014M(35 - te) Crc, = 0.0014M(35 - t, ). PB ) convection (W/m 
Respiratory heat loss by 
W/ E, 0.0173M(5.624 - P, ) m) evaporation ( 
Convection Loss (W. m 2) C= hc. Fci. (tk - t, ) 
Convective heat loss coefficient hc= 8.7v°'6 h, = 8.7 V PB)o"6 
1If v< lm/s then he = 3.5 + 5.2v he = 3.5 + 5.2(v. PB) 
If v >0.15mIs (still air) then h, = 2.38 *t ,- ta<*°. 
ZS he = 2.38 (Itsk - t, I. PB)0.25 
Evaporative heat loss coefficient he = 16.7h, h, =16.7h, /PB 
Where: 
M= metabolic rate; 
v= air velocity and 
F, 1= vapour permeation properties of clothing 
PB = Atmospheric pressure 
6.3.2 Input Values 
The rationale for the selection of the input data is described in detail below. See Table 
14 for the final input values 
0 Atmospheric Pressure: To replicate Parsons (1992), a range of 1 to 4 
ATM (gauge) was selected. ATM is atmospheric pressure, where sea 
level is 1 ATM (gauge)= 101.3 kPa = 1.0013 bar. 
0 Air Temperature (ta): The air temperature range was based on the 
minimum and maximum air temperatures identified in the literature 
(Bethea and Rahman, 2001). 
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" Radiant Temperature (tr): O'Brien (1996) reported globe temperatures at 
or close to the dry bulb temperatures in both the free air and compressed 
air environments that they investigated. It is recognised however, that 
radiant heat may be present in areas where cement grouting behind tunnel 
linings is drying. But without representative data, this could not be 
adequately modelled. Thus radiant temperature was assumed to be equal 
to dry-bulb temperature. 
" Partial Vapour Pressure: A series of simulations based on either a partial 
vapour pressure of 2 kPa or a relative humidity of 75% and 90% were run 
using the modified SWreq model. The rationale for this was that the only 
previous published information on the use of the SWreq index in 
hyperbaric environments (Parsons, 1992; and O'Brien et al, 1997) 
hypothesised a constant partial vapour pressure of 2 kPa. This was used 
to describe the adaptation, interpretations and outputs from the modified 
SWreq model. However, relative humidity (RH) varies considerably 
between compressed (70% to 100%) and free air (40% to 70%) 
environments (Bethea and Rahman, 2001). It would appear therefore that, 
although informative, a partial vapour pressure of 2 kPa is not valid. 
0 Only 2kPa and 90% simulations are presented here. 
0 The modified model was validated against Parsons (1992). 
" Simulation Series 1- constant 2kPa (varying RH- dependent on 
temperature) 
" Simulation Series 2- constant 90% RH (varying vapour pressure - 
dependent on temperature) 
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Table 13: Breakdown of data used in Simulations 1 and for each temperature input 
interval. 
Air Temperature (°C) 
20 22 24 26 28 30 32 34 36 38 40 42 44 
Resultant RH% 
(for 2 kPa) at 86 76 67 59 53 47 42 38 34 30 27 24 22 
°= each 
Resultant kPa 
for 90% RH at 2.1 2.38 2.68 3.02 3.4 3.82 4.28 4.78 5.32 5.96 6.63 7.38 8.19 
"4 each 
temperature 
Air Velocity Estimations: O'Brien (1996) reported low air movement in 
compressed tunnels. 
" Metabolic rate in compressed air environments: O'Brien (1996) and 
O'Brien et al (1997) provided estimated metabolic rate of 250 W/m2 (for 
mucking) when using SWreq to evaluate heat stress in the Jubilee 
extension. 2 . 
The following input values were used in each series of simulations. 
Z Series modelling 150 and 200 W/m2 were also modelled but are not presented here 
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hh, 
Table 14: Input values for each parameter (not all are presented in this paper) 
Interval values entered 
Atmospheric Pressure(absolute 
pressure) 
Air Temperature 
1 ATM to 4 ATM at intervals of 0.5 ATM 
20°C to 44°C at intervals of 2°C 
Radiant Temperature 
Air Velocity 
Metabolic Rate 
Partial Vapour Pressure 
Body Area Fraction Exposed 
(Ar/Adu) 
Equal to Air Temperature 
0.15 m. s'' 
250 W. m2 (data for 150 and 200 W/m2 not included 
here) 
Dependent on Simulation (See Table 7) 
0.77 
Clothing Insulation Value 0.6 clo 
6.4 Results and Discussion 
Only data describing Danger Criteria for Acclimatise Subjects is presented. It was 
assumed that experienced miners would probably be employed in the compressed air 
tunnelling operations and therefore they would be acclimatised. Loss of acclimation 
due an absence of more than 5 days (e. g. starting a new job, returning from leave etc. ) 
was not considered. 
The predictions for the following parameters are presented (for a more detailed 
discussion see Bethea (2002) and Bethea and Cartney (2002). 
" Predicted Evaporation Rate(Ep) 
0 Predicted Sweat Rate (SWp) 
" Duration Limiting Exposure (DLE) 
6.4.1 Predicted Evaporation Rate(Ep) 
Ep is the rate at which evaporative heat will be lost to the environment. 
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Metabolic Rate: 250W/m2 Metabolic Rate: 250W/m2 
Humidity: 2 kPa Air Velocity: 0.15 m/s Humidity; 90% RH Air Velocity: 0.15 m/s 
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Figure 14 (Left): Predicted Evaporation Rate at 2 kPa 
Figure 15 (Right): Predicted Evaporation Rate at 90% RH 
Here too, the impact of partial vapour pressure on the evaporation is shown by the 
change from a positive to negative relationships between the Simulation Series. In 
Simulation 1 (Figure 14), the Ep and ta relationship becomes linear at absolute ATM's 
of 2 and above, while at normobaric conditions it is non-linear. This change is 
dependent on both the metabolic rate and the atmospheric pressure independently 3. 
As with the Em. predictions, Ep is projected to reach zero at 38°C at 90% RH (Figure 
15). In normobaric environments, evaporation will be dependent on the ambient 
humidity of the environment. The evaporative capacity (E. ) is higher in a dry 
environment than in an environment where the humidity is high. Thus, the ratio 
between ECeq and Em. will determine how much evaporation is possible. The 
consequences of the Emax prediction errors become apparent in the errors found in the 
prediction of Ep. In the model, Ep is dependent on Emu and the predicted skin 
wettedness (where Ep = wp Emax). The observed errors are due to the negative 
relationship that the model predicts between En a,, and air temperature when partial 
3 Data not presented here, showed that at a lower metabolic rate (150W/m2), the relationship 
was linear at IATM. Thus increasing metabolic rate impacts on the predicted evaporation rate 
when all parameters are kept constant. E. is predicted to increase with an increase in metabolic 
rate, when the partial vapour pressure is kept constant 
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kh, 
vapour pressure is high (90%RH). Although this is a valid assumption, the predictions 
do not appear to be accurate because Ep would probably not be zero for all atmospheric 
pressures at the same temperature and partial vapour pressure. This illustrates that the 
dependency of the accuracy on the ratio of Em. to ETeq severely limits the validity of the 
SWreq index in humid environments. 
6.4.2 Predicted Sweat Rate (SWp) 
The model predicts how much sweat the person may sweat while exposed to that 
thermal environment. From this it is able to determine whether sufficient sweat may be 
produced to meet the evaporative cooling requirements to maintain heat balance. 
It should be noted that the sudden increase in SWp from zero at 38 °C (Figure 17) are 
not actual predictions, but anomolies of the model used. They should therefore be 
ignored. 
1200 
Metabolic Rate: 250W/m2 
Humidity: 2 kPS AM Velocity: 0.15 m/s 
1200 
Metabolic Rate: 250W/m2 
Humidity: 90% RH Air Velocity: 0.15 m/s 
1000 ________________ _---------- 
1000 "-"-""""""""""""""""""""""""""""" ...... 
00 ".............................. .... 
00 ...... _. ""_. __"""--"". _""""___"""""". ___ Atmospheric Pessun Atmospheric heuarg 
00 ............ .................. .. -". -- 
600 ------------ _""_____1ýý.. ýýýý^ý 
1.0 
= 
1.0 
of - ,.. 
- 
. "... 
2.0 400 N . _... 
ýw 
\\ ..... 2.0 
E 400 
...... . 
.................... 
1..... ý.. 
... 
ý. ý. 
""" 
3 0 200 
".....,..... 
-- _. -------- 
.. 
3 0 ti 
200 
. . 
4.0 0 
. 
4.0 
2 0 22 24 26 28 30 32 34 36 38 40 42 4 4 2 0 22 24 26 28 30 32 34 36 38 40 42 4 4 
Air Temperature (*C) Air Temperature ('C) 
Figure 16 (Left): Predicted Sweat Rate at 2 kPa 
Figure 17 (Right): Predicted Sweat Rate at 90% RH 
In Figure 16, the predicted effects on SW, by increasing absolute atmospheric pressure 
at a constant partial vapour pressure are clearly shown. As atmospheric pressure 
increases so the predicted sweat rate decreases. This in turn increases the requirement 
for evaporative cooling. 
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Compare this these findings to Figure 17, where the SW, values are clearly affected by 
both the increasing atmospheric pressure and the increasing partial vapour pressure. 
However, the increasing partial vapour pressure has the more significant effect, 
resulting in the downward shift of SWp to zero. This suggests that as the environment 
become more humid, people will sweat less. This is clearly not the case. Less sweat is 
evaporated, and over time, the sweat glands may become fatigued as sweat does not 
evaporate, but this is not what is being modelled. This error lies at the heart of the 
model's algorithms. This contradicts the literature and therefore is not a valid 
prediction. 
6.4.3 Duration Limiting Exposure 
The data used to generate the DLE graphs has been corrected to only include that data 
where a DLE of less than 500 minutes were predicted; where an 8-hour day is 480 
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Figure 18 (Left): Duration Limited Exposures (less than 500mins) at 2 kPa 
Figure 19 (Right): Duration Limited Exposures (less than 500mins)at 90% RH 
All the DLEs are due to a predicted time for core temperature to reach 38°C. Therefore, 
DLEs are based on the prediction for DLE', where; 
DLE' = 60 Qmax / (Ereq -Er)) Equation 9 
Due to the errors already identified with the model's validity in predicting E. x and Ep 
(from which DLEI is derived) we know that the DLEs will not be valid for all 
conditions. Figure 18 and Figure 19 show the affects of the atmospheric pressure are 
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shown by the decrease in safe working times as atmospheric pressure increases and that 
as humidity increases, so the DLEs decrease. Again however, it is questionable that the 
differences observed between 1ATM and the other atmospheric pressures would be as 
significant as the predictions suggest. 
6.5 Conclusions 
The fact that the SWrey index is based upon a rational model of human heat balance 
means that the maximum reference values and the predicted values that they calculate 
are not independent of each other. This interdependence of the limit values means that 
if the predicted values are not accurate, then inaccurate results may be achieved. 
However this is not a result of the interdependence of the limit values, but rather a result 
of the reference values such as the Dmax, SWmax and Emax being inaccurate. The result is 
that the heat storage is unrealistically high, due to the dependence of the core 
temperature heat loss on the predicted sweat rate. 
If an index is to provide limiting values, which are representative of the input values of 
an equation, then there is no alternative for the values to be but dependent. Perhaps 
what should be questioned is the validity of the interdependence of the parameters in the 
equations in the index (i. e. do small variations in metabolic rate have a representative 
effect on DLEs etc. ). 
If the model was used to evaluate a warm humid normobaric environments, the 
observed sweat rates may be considerably higher than the maximal sweat rate (SW,,,,, ). 
The limitation imposed by the low SW,,, value will predict that less sweat is produced 
than is observed and the model will predict that less heat is lost than is observed. The 
predicted DLE will be lower than the observed DLE. If this occurs in normobaric 
environments, it is reasonable to hypothesise that this will be exacerbated in hyperbaric 
environments. The extent to which atmospheric pressure determines heat balance in 
compressed tunnelling cannot be determined without comparing predicted with 
observed data. 
The criteria for validity is not how accurate the model is, but whether the inaccuracies 
are significant to either unnecessarily restrict work-times or to cause harm if 
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implemented. The validity of the predictions in this study is based on theoretically 
evaluating these predictions over a range of temperatures, metabolic rates, air velocities 
and humidities. Without real-world data the validity for specific environments cannot 
be assessed. It may be that the predictions for the air temperatures in the low 20's may 
have a less significant error than those in warmer environments. Until such real-world 
data is available this cannot be ascertained, although the future comparison of predicted 
with observed data would go some way towards formally evaluating the validity of the 
SWrcq model in compressed air environments. 
The following points are concluded from the literature: 
1. The interdependence between core temperature and sweat rate in the model 
is not a valid representation of the thermo-physiological effects. 
2. Both the predicted sweat rates and the maximum sweat rates on which they 
are based are exceeded by observed sweat rates in field and laboratory 
studies. 
3. The previous point leads to a poor prediction of heat storage and therefore an 
over prediction of the core temperature increases, thereby under-predicting 
the DLE time limit. 
4. The effects of drinking are not taken into account and they should be. 
5. Effects of clothing on thermoregulation are not representative of observed 
effects. 
6. Calculation of the mean skin temperature is over simplistic. 
7. Wm should not be a limiting criteria under warm-humid conditions. 
8. This poor validity of the SWr, q model in humid hyperbaric environments will 
itself be a risk and should not be used to evaluate heat stress in compressed 
air environments. 
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Chapter 7 Laboratory evaluations of the 
validity of the ISO 7933 (SWreq and 
PHS Indices) 
Chapter 7 is concerned with the validity of the existing and proposed standards for heat 
stress assessment (SWTeq and PHS respectively) and contains Sections 7.1 to 7.14 of the 
report. The validity is determined by comparing the thermal strain of people exposed to 
a range of hot conditions in a climatic chamber with the thermal strain predicted by the 
standards. 
Sections 7.1 to 7.4 describe the experimental design, rationale and aims of the studies. 
Sections 7.5 to 7.7 describe the three studies. They covered 10 experiments and 77 
subject exposures. Study 1 (Experiments 1 to 6) involved subjects in boiler suits 
performing stepping tasks in hot conditions, Study 2 (Experiments 7 and 8) involved 
subjects wearing relatively impermeable clothing and performing stepping tasks. Study 
3 was not designed directly for this project but allowed a validity assessment as full data 
were available and it was performed in the same laboratory as Studies 1 and 2. It was 
an investigation into simulated Indian tea picking for which subjects wore traditional 
ethnic dress. Over all 10 experiments, air temperatures ranged from 35 to 45°C, radiant 
temperature was similar to air temperature, there was low air velocity and humidity 
ranged from 3.3 to 4.5 kPa. Exposure times ranged from 45 to 90 minutes. 
During the experiments, internal body temperature (aural), skin temperatures, sweat 
rates and metabolic rates were measured. Section 7.8 to 7.12 describes the results. An 
important finding is that both models are highly sensitive to metabolic heat production. 
This was either measured (by indirect calorimetry) or estimated using a number of 
models. A comparison is made of measured and estimated values for the same 
conditions. Subsequent analysis of validity is conducted for both values of metabolic 
rate (estimated and measured). Comparisons were made between predicted and 
observed values for Duration Limited Exposures (allowable exposure times based upon 
physiological criteria) and sweat rates. Section 7.13 discusses the outcomes and 
consequences of the validity study. Section 7.14 concludes that neither the SWrcq nor 
PHS models were valid predictors when protective clothing is worn. It was found that 
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subjects generally produced more sweat than that predicted by the PHS and especially 
ISO models. 
7.1 Introduction to the Validity Study 
To assess the validity of a measure it must be correlated against test criteria. If there is 
a strong correlation, the measure is valid, while if there is no relationship, it is not. 
Another type of validity is face validity where a model is tested to evaluate whether it 
does what it says it will do. This section describes ten laboratory experiments 
conducted as part of three separate studies to evaluate the validity of the ISO 7933 SWrcq 
model and the proposed BIOMED PHS model. The studies were conducted in the 
thermal chamber at the Human Thermal Environments Laboratory (HTEL) in the James 
France Building at Loughborough University. 
0 Study 1: Experiments 1 to 6: by D. Bethea; 
0 Study 2: Experiments 7 and 8: by K. Davis and D. Bethea; 
" Study 3: Experiments 9 and 10: by M. McNeill. 
The validity of the models was evaluated by comparing the predictions of the models 
with the observed physiological responses of subjects in hot environments for the 
following parameters: 
1. Sweat Rate; 
2. Duration Limit Exposure (time for core temperature to reach 38°C). 
The ISO SWreq model is referred to as ISO in this section to reduce the confusion 
between the sweat rate variables being investigated (SW° and SWp). Evaporation rate w 
be not be evaluated as no measures of dripping sweat was made. As previously 
discussed, ISO 7933 SWleq defines the Alarm and Danger criteria limits as being a result 
of an increase of 0.8°C and 1°C to the core temperature (37.8°C and 38°C) respectively, 
while the PHS model predicts a mean response time to 38°C core temperature. 
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Therefore, in order to make a direct comparison between predicted DLEs only the 
Danger criterion has been evaluated. 
7.2 Aims of studies 
The series of studies presented in this chapter compared the physiological responses of 
human subjects with predictions made by the ISO SWCeq and PHS models. The studies 
involved a range of hot environments as determined by the environmental factors (air 
temperature, radiant temperature, humidity and air velocity) and personal factors 
(activity level, clothing). The aim of the studies was to establish the validity of the 
models on the assumption that the more accurate the predictions are, the more valid are 
the models. The studies therefore also allowed a comparison of models. The aims of 
the studies can be represented by the following specific aims and associated null (Ho) 
and alternative hypotheses: 
1. To assess the validity of ISO SWreq predictions by comparison with the 
observed physiological responses of clothed subjects while exercising in a 
hot environment (one-tailed prediction based on literature survey). 
HI: ISO SWreq is not a valid predictor of the physiological responses of 
clothed subjects in warm humid environments; 
Ho(l): ISO SWCeq is a valid predictor of the physiological responses of 
clothed subjects in warm humid environments. 
2. To assess the validity of PHS predictions by comparison with the observed 
physiological responses of clothed subjects while exercising in a hot 
environment. 
H2: PHS is not a valid predictor of the physiological responses of clothed 
subjects in warm humid environments; 
Hop): PHS is a valid predictor of the physiological responses of clothed 
subjects in warm humid environments. 
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3. To compare the predictions of the ISO SWmq and the PHS models for clothed 
subjects while exercising in hot environments. 
H3: PHS is a better predictor of the physiological responses of clothed 
subjects in warm humid environments than ISO SWrcq; 
Hop): PHS is not a better predictor of the physiological responses of clothed 
subjects in warm humid environments than ISO SWrcq. 
7.3 ISO 7933 SWreq and PHS models used 
7.3.1 ISO 7933 SWreq index 
The SWreq computer program as described in Annex D. 2 of ISO 7933,1989 was used. 
The Outputs and Interpretations were validated against the two example scenarios 
provided in Tables D. 1 and D. 2 in the standard. For Studies 1 and 2, the expected 
environmental data, the clo values and the estimated metabolic rates were inputted into 
the model prior to any of the experiments so that estimated DLEs could be obtained. 
The results of these DLE predictions were used to design the experimental protocols for 
each study. These data were not used in the analysis. Upon completion of the 
experiments, the measured data and the appropriate metabolic rates (estimated and 
measured) were inputted, and it was the results of these inputs that the validity studies 
were based. The SWreq model is referred to as ISO in this report. 
7.3.2 ISO 7933 SWreq (modified) index 
The standard recommends that for conditions where the clo value exceeds 0.6 clo, that 
the mean skin temperature algorithm is to provide a fixed value of 36°C. To this end, 
the program as described in the standard was altered to provide a mean skin temperature 
of 36°C. This modified model is referred to as ISO(mod) in this report. 
7.3.3 PHS index 
The PHS computer program in Annex E of the standard was used. The code was 
compared with that provided in the standard and the Outputs and Interpretations were 
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validated against the examples provided in Annex F of the standard. Additional code 
was added to enable the writing and saving of minute-by-minute calculations to an 
ASCII file. The primary reason for this was that the program does not display SWp. 
7.4 Data considerations 
The same input values for each experiment were inputted into the three programs. 
Where alternative information was required (as in the case of the PHS model) this was 
inputted as required. 
7.4.1 ISO and ISO(mod) 
All ISO and ISO(mod) results were obtained using the BASIC version described in the 
standard. The data were then inputted into Microsoft ExcelTM versions (created by D. 
Bethea) of each ISO index and the results validated by the author and an independent 
researcher to ensure that the Excel models provided the same results as the BASIC 
versions. The data from the Excel models were then used as these provided greater 
flexibility for the analysis. 
7.4.2 PHS model 
The PHS model was also in BASIC format with the results saved as ASCII file. 
Although the model provided a breakdown of the interpretation data, the ASCII file for 
each subject was saved as an Excel file and the data inspected to validate the 
predictions. This also allowed for obtaining other predictions such as mean skin 
temperature, changes in core temperature over time, etc. 
7.4.3 Analysis of Results 
The table below explains how the observed and predicted measures were arrived at so 
that they could be compared. Predicted values were obtained for both estimated 
metabolic rate and measured metabolic rate. 
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Table 15: Description of how observed and predicted sweat rates and DLEs were 
obtained 
OBSERVED PREDICTED 
ISO 7933 PHS 
w ca 
x 
d L 
= 
H 
W 
. 
iLrr` 
a 
Total sweat rate calculated 
from the difference 
between pre & post semi- 
nude weight -corrected for 
H2O intake 
Total sweat loss was 
divided by the total time in 
experiment to obtain a 
value for g/min. This was 
then multiplied by 60 to 
get Sweat Loss in g/h. 
Time for aural temperature 
to reach 38°C. 
Provided as an 
Interpretation by the ISO 
Model 
Model predicts a Duration 
Limit Exposure (mins) 
based on heat storage or 
water loss (which ever 
occurs first). 
Danger criteria DLEs for 
unacclimatised subjects 
were analysed. 
" Model predicts the 
Duration Limit Exposure 
based on minute-by- 
minute increases in core 
temperature and minute- 
by-minute changes in 
sweat rate. 
" DLEs were based on 
increases in core 
temperature to 38°C 
(rounded to 3 decimal 
7.4.4 Statistical Analysis to be used 
Descriptive Statistics and Standard Deviation 
Standard deviation (SD) is an average measure of the dispersion or deviation around the 
mean. 68% of cases fall within one SD of the mean in a normal distribution and 95% of 
cases fall within 2 SD. For example, if the mean age were 30, with a standard deviation 
of 5,95% (2 SD) of the cases would be between 20 and 40 in a normal distribution. 
The standard deviation will provide a rough measure of the similarity within and 
between models and between the models and the observed data. This is supplemented 
by a statistical evaluation of these relationships using correlations and paired sample t 
tests. Where data are missing, descriptive statistics is provided for the whole data set, 
and then only for those paired data sets that both have data. 
Correlations 
Pearson correlations is used to measure how the variables are related. Before 
calculating a correlation coefficient, data have to be screened for outliers that may cause 
misleading results and possibly lead to type one errors. Cases with missing values for 
Provided as an 
Interpretation by the ISO 
Model 
Model predicts Sweat Rate 
in g/h and is not time 
dependent. 
Model predicts Total 
Sweat Loss (TSW) for 
each minute. 
This was divided by the 
PHS predicted time for 
core temperature to reach 
38°C. Thereby providing 
g/min, corrected to g/h. 
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one or both of a pair of variables for a correlation coefficient are excluded from the 
analysis. Since each coefficient is based on all cases that have valid data on that 
particular pair of variables, the maximum information available is used in every 
calculation. This will result in a set of coefficients based on a varying number of cases 
for each variable when one or more data sets are missing. Pearson's correlation 
coefficient is a measure of linear association; however, although it provides a measure 
of their relationship it does not provide information about how accurate this relationship 
is. To do this a pair sample t test were performed. Scatter plots are provided with 
regression lines to show whether the relationship is linear. 
Paired-Samples t Test 
A paired sample t test is used as a test of the null hypothesis that two population means 
are equal. A number of assumptions should be made for the 1-test: 
1. Observations for each pair should be made under the same conditions. 
2. The mean differences should be normally distributed. 
3. Variances of each variable can be equal or unequal. 
One of the benefits of this test is that it is robust and the data do not have to be normally 
distributed; because the data are interval in nature for paired samples the difference in 
the variance of the two samples is not an issue (Coolican, 1992). It was selected instead 
of ANOVA for this reason. Additional calculations for the correlation, average 
difference in means, t test, and 95% confidence interval (CI) for mean difference is 
computed. Any missing data is excluded from the pair-wise analysis. 
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7.5 Study 1 (Experiments 1 to 6): Validity of 
ISO and PHS models for people wearing 
boiler suits in a range of hot conditions 
7.5.1 Method - Study 1 
Experimental Design 
The experimental design was formalised following a pilot study. A number of decisions 
were made a priori that dictated the experimental procedure. Eight healthy male 
volunteers took part in each experiment, with each experiment consisting of four 
sessions, each with two subjects. Two morning exposure sessions and two afternoon 
exposure sessions produced a balanced design. To ensure consistency across all 
exposures a number of procedural methodologies were adopted before each session. 
The environmental conditions for each of the six experiments in Study One were 
selected using the following decision process, which then decided the conditions for the 
following experiments: 
" The six experiments would be conducted as three pairs of conditions, 
where: 
Pair 1= Experiments 1 and 2 
Pair 2= Experiments 3 and 4 
Pair 3= Experiments 5 and 6 
0 Each experiment would be analysed individually. Each of the pairs was 
separated by a minimum of seven days to eliminate any acclimation. This 
allowed for a between subject analysis of the data and for each experiment 
to be treated independently of the other; 
" For Experiment 1, a number of combinations of environmental parameters 
were entered into ISO SWfeq to gain a Duration Limited Exposure (DLE) 
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for unacclimatised subjects of around 30 minutes for the Alarm Criteria 
and 45 minutes for the Danger criteria; 
0 To reduce the stress on the subjects in Experiment 2, their metabolic rate 
was reduced. This was kept the same for Experiment 3, but the 
environmental conditions were more severe; 
0 Metabolic rate was then reduced for Experiment 4, keeping the 
environment conditions the same as Experiment 3; 
0 Experiment 5, again increased the severity of the environmental 
conditions, while keeping the metabolic rate the same as Experiment 4; 
0 In Experiment 6, the process was repeated by keeping the environment 
conditions the same as Experiment 5, but reducing the metabolic rate. 
This was done to provide a variety of environment and metabolic rate conditions and to 
meet the experimental requirements of the usability study (see Section 10.4.3). 
Withdrawal Criteria 
Limiting criteria were established to safeguard the subjects and to satisfy the 
requirements of Department of Human Sciences generic ethical protocol for the 
exposure of human subjects to the heat in the thermal environment chamber at HTEL 
(see Appendix 1). Subjects were withdrawn if: 
0 Core temperature (mean aural temperature from both ears) reached 
38.5°C (mean); 
" Heart rate reached 200 minus Age; 
0 The subject was showing signs of reduced mental capacity, e. g. 
confusion, loss of co-ordination, verbal communication skills decrease, 
etc; 
0 Subject requested to be removed from the chamber; 
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0 The time limit of 75 minutes was reached, even if none of the limiting 
criteria had been met. 
Subjects 
Eight healthy male volunteers took part in each experiment, with three different groups 
of subjects taking part in each pair of experiments. Subjects were obtained by placing 
notices around Loughborough University Campus requesting volunteers to take part in 
an experiment. Not all the subjects were students. Descriptive statistics are provided in 
Table 16. 
Table 16: Descriptive statistics of subject age, height and weight for each experiment in 
Study 1 
N Mean St Dev Min Max 
Age 8 25.4 4.03 17 31 
Experiments Height (m) 8 1.7 0.05 1.69 1.86 
1 and 2 
Semi-nude Weight 
(Kg) 
8 71.3 3.97 64.20 77.45 
Age 8 25.4 1.60 23 28 
Experiments Height (m) 8 1.8 0.05 1.7 1.86 
3 and 4 
Semi-nude Weight 8 75.6 7.44 68.35 87.33 
(Kg) 
Age 8 27.0 3.02 25 34 
Experiments Height (m) 8 1.8 0.03 1.72 1.82 
5 and 6 
Semi-nude Weight 8 76.7 7.94 67.89 89.62 
(Ki) - 
Apparatus 
Dry bulb air temperature, humidity, air velocity and globe temperature were recorded at 
chest height using two l2bit ELTEK 1000 series squirrel data loggers inside the 
chamber. A VAISALA VH-G-Z3-0 capacitive humidity probes fitted with Vaisala 
HUMICAPTM sensor were used to measure humidity. Air temperature was measured 
using Grant UU type thermistors encased in a steel cover, providing shielded air 
temperature. WBGT parameters were measured using a WBGT unit developed at HTEL 
in accordance with ISO 7226 and data were recorded on a Grant 8bit SquirrelsTM data 
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logger. Air temperature and humidity were also monitored externally on a 10bit 
Squirrel that was attached to the central control panel. 
Aural temperature was measured with bead thermistors placed through a rubberised 
earplug to allow about 4 mm of the thermistor to rest within the auditory canal once the 
earplug was put in place. Aural thermistors were further insulated from the external 
environment with taped down cotton wool and a pair of ear defenders with a soft foam 
sponge lining. Skin temperature was measured using surface temperature sensors Type 
EU, with copper base, also made by Grant Instruments. All subject temperature data 
were recorded on Grant 8 bit SquinrelsTM data loggers. Calibration of all squirrels and 
thermistors were evaluated using a Grant heated water bath prior to each session. Heart 
rate was measured using Polar Sport Tester® hear rate monitors. All data were 
recorded at one-minute intervals. 
Reebok ® steps provided the step for the exercise activity. 1.8 cm thick wooden boards 
were also used to provide varied step height dependent on subject's weight. Douglas 
bags with 2-way valves collected the subject's exhaled air while exercising. They were 
analysed using a Sybron Taylor Servomex 02 Analyser, an ADC carbon dioxide 
analyser and a Harvard dry gas meter. The analysers were calibrated each morning of 
an experiment. Dynamic weight (mean of three measures) was measured using a Metier 
ID 1 Multi-range scales, which were calibrated before each experiment. 
Eight 100% cotton drill, one-piece boiler suits with front poppers, open sleeve and leg 
cuffs were worn. Subjects also wore their own underwear (cotton boxer shorts and 
cotton rich, short ankle socks), trainers and cotton T-shirts. The clothing insulation 
value of each ensemble was estimated as 0.8 clo using the Tables in ISO 9920. As a 
manual backup, manual recording data sheets were also used with readings taken at 
fixed intervals throughout each experiment. 
7.5.2 Procedure 
Pre Experiment. 
The step height for each subject was calculated based on an equation by Wadsworth and 
Parsons (1986) to provide a ratio of between each subject's weight and their required 
estimated metabolic rate. Once this step height had been obtained, it was inputted into 
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the ACSM equation (below) to obtain the estimated metabolic rate. This provided an 
adjusted step height in an attempt to equalise the metabolic rates by providing step 
height ratios based on subject weight. 
V02 (n,. k94 'min') =r steps 
l min 
Preparation 
x 0.35 ml-kg"-min 
1m 
x steps x 1.33 x 1.8 rd-kg 1"rrin' 
st min ß J lst nnm rnmin 
All the procedures followed had been passed by Loughborough University's Ethical 
Committee as HTEL's generic protocol for heat stress exposure in the thermal chamber. 
After completion of a consent form, subjects drank a 250 ml glass of water before 
entering individual preparation room, where they stripped to their underwear and were 
weighed semi-nude. An aural thermistor was placed in each ear canal and insulated 
with cotton wool and a pair of industrial ear defenders. The 5 skin thermistors were 
then placed on the subject using, 3M TransporeTM tape. The Ramanathan 4 point mean 
skin temperature sites were used (the chest, the upper arm, the thigh and the calf) along 
with an upper back site situated at the sub-clavicle. The heart rate monitor was attached 
and they dressed in a T-shirt, boiler suit, socks and trainers and sat in the preparation 
room for 20 minutes. Oral temperature was taken with a mercury glass thermometer to 
provide a reference value with the aural temperature and to identify when the 
environment within the auditory canal had stabilised. When both subjects had been 
prepared and were ready to enter the thermal chamber, they completed a subjective 
thermal comfort questionnaire. Data recordings on the squirrel data loggers and the 
polar sports tester heart rate monitors were started and objective measures were 
manually recorded on the data sheets by the experimenter. 
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The Experiment 
A three minutes staggered start was observed, with subjects entering the chamber 
accompanied by an experimenter. Subjects were weighed clothed and started stepping 
in time to an audio metronome beating once every second, thereby providing for a total 
of 15 complete steps per minute. A complete step was where the subject stepped up 
onto the step and then back onto the floor with both feet. At 25 minutes subjects 
provided a V02 sample by breathing into a Douglas Bag, which were then analysed 
immediately by the second experimenter. When a withdrawal criteria was met, all 
physiological measures and completion time were recorded manually, all physiological 
data recordings were stopped and the subject was weighed clothed and semi-nude 
before leaving the chamber. Water intake was calculated and weight loss was corrected 
for water intake. Subjects were removed from the chamber and were laid down on a 
string-mesh bed and cooled by fans. All subjects were monitored upon completion of 
the exposure and were not allowed to leave the laboratory until they had recovered from 
the exposure. Oral temperatures were taken after 30 minutes to ensure no post heat 
stress re-heating had occurred. 
107 
Inputs 
Table 17: Data inputted into models 
Input Variables N Mean St Dev Min Max 
8 34.9 0.27 34.6 35.2 
Air Temperature (°C) 
8 35.0 0.20 34.7 35.2 
Globe Temperature (°C) 
8 0.22 0.07 0.10 0.28 
Air Velocity (m/s) 
EXP 1 8 35.1 0.14 34.9 35.2 
Mean Radiant Temperature (°C) 
Partial Vapour Pressure (kPa) 
8 3.4 0.13 3.3 3.6 
Estimated Metabolic Rate (W/m2) 
8 193 7 187 207 
Air Temperature (°C) 
8 35.0 0.07 34.9 35.1 
8 34.7 0.04 34.7 34.8 
Globe Temperature (°C) 
8 0.28 0.04 0.20 0.32 
Air Velocity (m/s) 
8 34.4 0.09 34.3 34.6 
EXP 2 Mean Radiant Temperature (°C) 
8 3.3 0.07 3.2 3.5 
Partial Vapour Pressure (kPa) 
Estimated Metabolic Rate (W/m)) 
8 177 6 166 187 
Measured Metabolic Rate (W/m2) 
8 158 18 126 186 
Air Temperature (°C) 
8 39.5 0.09 39.4 39.6 
8 39.3 0.12 39.1 39.4 
Globe Temperature (°C) 
8 0.07 0.01 0.07 0.08 Air Velocity (m/s) 
8 39.2 0.16 39.0 39.3 
EXP 3 Mean Radiant Temperature (°C) 
Partial Vapour Pressure (kPa) 
8 4.5 0.24 4.3 4.8 
Estimated Metabolic Rate (W/m2) 
8 173 6 166 177 
Measured Metabolic Rate (W/m2) 
8 161 20 137 194 
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Input Variables N Mean St Dev Min Max 
Air Temperature (°C) 8 39.7 0.11 39.6 39.9 
Globe Temperature (°C) 8 39.5 0.07 39.4 39.6 
Air Velocity (m/s) 8 0.08 0.01 0.06 0.11 
EXP 4 Mean Radiant Temperature (°C) 8 39.3 0.08 39.2 39.4 
Partial Vapour Pressure (kPa) 8 4.5 0.15 4.3 4.7 
Estimated Metabolic Rate (W/m) 8 153 5 145 155 
Measured Metabolic Rate (W/m2) 8 142 17 122 169 
Air Temperature (°C) 8 45.0 0.19 44.7 45.2 
Globe Temperature (°C) 8 45.0 0.11 44.9 45.1 
Air Velocity (m/s) 8 0.08 0.00 0.08 0.09 
EXP 5 Mean Radiant Temperature (°C) 8 44.9 0.17 44.7 45.1 
Partial Vapour Pressure (kPa) 8 3.8 0.04 3.8 3.9 
Estimated Metabolic Rate (W/m2) 8 153 5 145 155 
Measured Metabolic Rate (W/m2) 8 134 14 116 162 
Air Temperature (°C) 7 44.7 0.04 44.7 44.8 
Globe Temperature (°C) 7 44.2 0.09 44.1 44.3 
Air Velocity (m/s) 7 0.09 
0.00 0.09 0.09 
EXP 6 Mean Radiant Temperature (°C) 7 43.8 0.16 43.5 44.0 
Partial Vapour Pressure (kPa) 7 3.9 0.04 3.8 3.9 
Estimated Metabolic Rate (W/m2) 7 87 0 87 87 
Measured Metabolic Rate (W/m2) 6 101 7 93 111 
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7.6 Study 2 (Experiments 7 and 8): Validity of 
ISO and PHS models for people wearing 
clothing with different vapour 
permeability properties. 
7.6.1 Method - Study 2 
Experimental Design 
K. Davis conducted this project as part fulfilment of her BSc (Hons) in Human Biology 
in the Department of Human Sciences, Loughborough University. D. Bethea supervised 
the project. 
The purpose of this study was to follow on the experimental protocol established for 
Study 1, and to investigate the validity of ISO SWTeq for conditions where subjects were 
wearing clothing ensembles of the same design but with different vapour permeabilities 
but similar clothing insulation values (clo). Four ensembles were selected from the 
clothing database at HTEL. All ensembles were of similar cut, fit, shape, etc. 
Following a biophysical study to determine the vapour permeability of the four 
ensembles, two were selected; the PU coated nylon ensembles and the cyclone coated 
nylon ensembles. The biophysical study showed that the Cyclone ensemble was more 
vapour permeable that the PU coated ensemble (for further information see Davis, 
1998). The experimental design was formalised following a pilot study. 
The experiment consisted of two exposures separated by at least seven days to eliminate 
any acclimation. This allowed for a between subject analysis of the data and for the 
experiments to be treated independently of each other. A Latin Square design was 
adopted to the allocation of ensembles to balance the order and to reduce any order 
effects of clothing worn. Subjects were not informed of the nature of the suits so as not 
to influence their subjective responses. Each experiment consisted of four sessions, 
with two subjects in each. 
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Withdrawal Criteria 
" The same withdrawal criteria as used in Study 1 were applied. 
Subjects 
Eight healthy male volunteers took part in each experiment. Subjects were obtained by 
placing notices around Loughborough University Campus requesting volunteers to take 
part in an experiment. All subjects were undergraduate students at Loughborough 
University. Descriptive statistics are provided in Table 18. 
Table 18: Descriptive statistics of subject age, height and weight for each experiment in 
Study 3 
N Mean St Dev Min Max 
Age 8 20.6 1.85 18 24 
Experiments Height (m) 8 1.8 0.04 1.75 1.86 
7 and 8 
Semi-nude Weight 8 76.7 8.04 65.93 91.05 
(Kg) 
Apparatus 
The same apparatus to measure the environmental and physiological parameters were 
used as in Experiment 1. The same procedure for step height ratios to subject weight 
was not used. All subjects stepped at the same height. 
K. Davis (1998) conducted biophysical tests to select two ensembles with differing 
vapour permeability from the selection of ensembles available within the Human 
Thermal Environments Laboratory at Loughborough University. Table 19 provides the 
results of the biophysical tests. 
Table 19: Results of Biophysical tests on ensembles (Davis, 1998) 
Type of Nylon Suit 
Average water 
loss (g) 
Scothguard 
5.933 
PU Coated 
2.090 
Cascade 
3.573 
Cyclone 
4.748 
From the tests, PU Coated and Cyclone ensembles were selected. 
111 
The ensembles consisted of a jacket and trousers. ISO 9920 did not provide sufficient 
information for the estimation of clo values. As a result, the ensembles (all sizes) were 
sent to the Defence Evaluation Research Agency (DERA) in Farnborough, Hampshire, 
where Dr. W. R. Withey and Dr. P. Redman evaluated the suits on a thermal manikin. 
These tests provided the following clo values: 
Table 20: Clo values obtained from thermal manikin trials held at DERA 
Ensemble Type Size 
Clo Value from 
Manikin trials 
PU Large 0.761 
Medium 0.674 
Cyclone Large 0.741 
Medium 0.716 
Allocation of ensemble sizes was dependent on the subject's size and the appropriate 
clo value for each subject's ensemble was inputted into ISO, ISO(mod) and PHS models 
(corrected to include underwear, T-shirt and trainers). 
7.6.2 Procedure 
The experimental procedure was based on the protocol developed for Study 1. 
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Inputs 
Table 21: Data inputted into models for Studv 2 
N Mean St Dev Min Max 
Air Temperature (°C) 8 40.10 0.32 39.70 40.50 
Globe Temperature (°C) 8 39.25 0.32 38.90 39.70 
Air Velocity (m/s) 8 0.15 0.00 0.15 0.15 
Mean Radiant Temperature (°C) 8 38.69 0.34 38.24 39.17 
EXP 7 8 3.721 0.092 3.533 3 865 Partial Vapour Pressure (kPa) . 
Estimated Metabolic Rate (W/m2) 8 177 0.00 177 177 
Measured Metabolic Rate (W/m2) 8 190 17.83 166 218 
Intrinsic Clothing Insulation (Clo) 8 0.82 0.04 0.75 0.84 
Air Temperature (°C) 8 40.04 0.27 39.70 40.50 
Globe Temperature (°C) 8 39.25 0.32 38.90 39.70 
Air Velocity (m/s) 8 0.15 
0.00 0.15 0.15 
Mean Radiant Temperature (°C) 8 38.73 0.42 38.24 39.50 
EXP 8 
Partial Vapour Pressure (kPa) 8 3.725 
0.095 3.533 3.865 
Estimated Metabolic Rate (W/m2) 8 177 0.00 177 177 
Measured Metabolic Rate (W/m2) 8 190 
8.44 176 199 
Intrinsic Clothing Insulation (Clo) 8 
0.81 0.01 0.80 0.82 
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7.7 Study 3 (Experiments 9 and 10): Validity 
of ISO and PHS models for tealeaf pickers 
in a simulated hot environment 
7.7.1 Introduction 
Dr. M. McNeill conducted this project as part fulfilment of his PhD in Ergonomics in 
the Department of Human Sciences, Loughborough University. The purpose of this 
study was to evaluate the validity of ISO SWr, q for assessing the thermal stress in 
industrially developing countries. Tealeaf picking was used as a representative 
agricultural task. (For a more detailed description see McNeill and Parsons, 1999. ) 
7.7.2 Method - Study 3 
Experimental Design 
The experimental design was formalised following a pilot study. Limiting criteria were 
established a priori to safe guard the subjects and to satisfy the requirements of 
Department of Human Sciences generic ethical protocol for the exposure of human 
subjects to the heat in the thermal environment chamber at HTEL. Subjects were 
withdrawn if: 
0 Core (aural) temperature reached 38.5°C (mean); 
0 Heart rate reached 200 minus Age; 
" The subject was showing signs of reduced mental capacity e. g. confusion, 
loss of co-ordination, verbal communication skills decrease, etc; 
0 Subject requested to be removed from the chamber; 
0 The time limit of 60 minutes was reached, even if none of the limiting 
criteria had been met. 
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Subjects 
Eight healthy male and eight healthy female volunteers took part in each experiment. 
They represented a stratified sample as they had volunteered after responding to notices 
placed around Loughborough University Campus. The males took part in Experiment 
9, while the females were in Experiment 10. Subjects carried out the simulated 
agricultural task of tea picking while in the thermal environment chamber at HTEL. 
The environment, the tasks and the clothing worn were selected to simulate conditions 
described by Sen et al (1983) (as referenced by McNeill). The experimental protocol 
was formalised following a pilot study. 
Table 22: Descriptive statistics of subject age, height and weight for each experiment in 
Study 3 
N Mean SD Min Max 
Age 8 21.5 1.93 19 25 
Experiment 8 1 8 0 06 1.65 1 85 
9 Height (m) . . . 
(Males) Semi-nude Weight 8 75.9 5.82 68.62 83.14 
(Kg) 
Age 6 19.8 1.72 18 23 
Experiment 10 Height (m) 6 1.7 0.04 1.66 1.78 
(Females) 
Semi-nude Weight 6 66.5 7.74 58.57 77.26 
(Kg) 
Apparatus 
The same apparatus to measure the environmental and physiological parameters were 
used as in Experiments 1 and 2. 
Clothing 
Subjects wore a clothing ensemble that was representative of that worn by Indian 
agricultural workers. The males wore a punjabi (a long sleeved, thigh length shirt of 
65% cotton and 35% polyester composition) and a lungi (a 100% cotton ankle length 
wrap-around). The females wore a shalwar kamize (65% cotton and 35% polyester long 
sleeved, thing length blouse and tight fitting pyjama style trousers). The clothing was 
supplied by HTEL but they wore their own cotton underwear. No footwear was worn. 
From ISO 9920, the male and female ensembles were estimated as 0.5 and 0.46 clo 
respectively. 
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Tea bushes 
To simulate the conditions found in an Indian tea plantation, rhododendron bushes were 
placed on tables in aisles. These represented tea bushes, as tea bushes were not 
available. 
7.7.3 Procedure 
The Experiment 
All the procedures followed had been passed by Loughborough University's Ethical 
Committee as HTEL's generic protocol for heat stress exposure in the thermal chamber. 
All subjects provided informed consent upon completion of the HTEL consent and 
medical questionnaire. 
One male and one female subject participated in each session. Prior to entering the 
chamber, subjects were weighed and the average of two dynamic measures was used as 
their semi-nude weight. Their clothing ensembles were weighed separately. Subjects 
were then instrumented in the same way as in Experiments 1 and 2. Once instrumented, 
subjects remained in the neutral room for a further 10 minutes or until the aural 
thermistors reached equilibrium. 
Upon entering the thermal chamber, subjects were instructed in how to carry the tea 
basket either over their head or shoulder. The subjects then walked around the thermal 
chamber randomly picking leaves from the "tea bushes", placing the leaves in their 
basket. To simulate the terrain in a tea plantation, steps were placed at intervals around 
the chamber. Metabolic rate was measured using Douglas Bags at 30,60 and 90 
minutes into the experiment. A controlled amount of water was provided upon request 
to ensure that subjects drank during each session. 
Upon completion of the session, subjects were removed from the chamber and weighed 
semi-nude. Their clothing was again weighed separately. 
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Inputs 
Table 23: Data inputted into models 
N Mean St Dev Min Max 
8 37.18 0.28 36.86 37.56 
Air Temperature (°C) 
8 36.86 0.30 36.48 37.30 
Globe Temperature (°C) 
8 0.17 0.04 0.11 0.24 
Air Velocity (m/s) 
8 36.63 0.39 35.92 37.14 
EXP 9 Mean Radiant Temperature (°C) 
8 4.447 0.179 4.107 4.604 
Partial Vapour Pressure (kPa) 
Measured Metabolic Rate (W/m2) 
8 138 15.36 116 161 
Intrinsic Clothing Insulation (W/m2) 
8 0.50 0.00 0.50 0.50 
6 37.19 0.31 36.86 37.56 
Air Temperature (°C) 
6 36.87 0.34 36.48 37.30 
Globe Temperature (°C) 
6 0.17 0.05 0.11 0.24 
Air Velocity (m/s) 
EXP 6 36.62 0.45 35.92 37.14 Mean Radiant Temperature (°C) 
10 
6 4.451 0.182 4.107 4.576 
Partial Vapour Pressure (kPa) 
6 115 17.20 91 134 
Measured Metabolic Rate (W/m2) 
6 0.60 0.00 0.60 0.60 
Intrinsic Clothing Insulation (Clo) 
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7.8 Results of the 3 Studies - Comparison of 
ISO 7933, ISO(mod), PHS and Observed 
Physiological Data 
The results are presented in the following format: 
1. Experimental Conditions for each experiment inputted into each model 
2. Comparison of Estimated and Measured Metabolic Rates 
3. Comparison of within model predictions between estimated and measured 
metabolic rate inputs 
4. Comparison between ISO and PHS model predictions and Observed Data 
5. Comparison of between ISO and PHS model predictions 
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7.8.1 Experimental Conditions for each experiment 
inputted into each model 
For details of experimental conditions, see Table 24. 
Table 24: Mean experimental conditions for ten laboratory experiments 
Exp N t, oC 
t, 
oC 
v 
ms 1 
Pa 
KPa 
M Est 
Wm-2 
M Meas 
Wm'Z 
Id 
CIO 
1 8 34.9 35.1 0.22 3.40 193 - 0.8 
2 8 35.0 34.4 0.28 3.30 177 158 0.8 
3 8 39.5 39.2 0.07 4.50 173 161 0.8 
4 8 39.7 39.3 0.08 4.50 153 142 0.8 
5 8 45.0 44.9 0.08 3.80 153 134 0.8 
6 7 44.7 43.8 0.09 3.90 87 101 0.8 
7 8 40.1 38.7 0.15 3.72 177 190 0.82 
8 8 40.0 38.7 0.15 3.73 177 190 0.81 
9 8 37.2 36.6 0.17 4.45 - 138 0.5 
10 6 37.2 36.6 0.17 4.45 - 115 0.6 
Experiments 1 to 6 were a stepping task wearing a boiler suit. 
Experiment 7 was a stepping task wearing a vapour impermeable suit. 
Experiment 8 was a stepping task wearing a vapour impermeable suit. 
Experiments 9 (males) and 10 (females) were a simulated tealeaf-picking task. 
7.8.2 Comparison of Estimated and Measured Metabolic 
Rates 
One of the problems with estimating metabolic rate is that there can be an error as great 
as 60% (NIOSH,; Parsons and Hamley, 1989). It is clear that, since both the ISO PHS 
models are based on the heat balance equation, the heat gained through physical activity 
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is a critical factor that will determine whether or not heat storage will occur. The 
accuracy therefore of the prediction will largely be dependent on the accuracy of the 
metabolic rate value entered into the equation. However when estimating metabolic 
rate from equations, the prediction is dependent on the empirical data from which that 
equation has been derived. It is highly likely therefore that the validity of the method 
employed to estimate metabolic rate may be questioned. Therefore, under heat stress 
conditions it is necessary to compare the metabolic rates that were derived from 
estimation with those that were measured directly. Attempts were made therefore, by 
using the Wadsworth equation, to obtain a step height to body weight ratio for each 
subject. Estimated and measured metabolic rate inputs were only used in Studies 1 and 
2, while only measured metabolic rate was used in Study 3. However, due to equipment 
failure no measured metabolic rate data is available for Experiment I (in Study 1). 
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Figure 22: Scatter plot of estimated and measured metabolic rates for all experimental data, 
showing the regression line and the 95th percentile Cl limits. 
The scatter plots of metabolic inputs shows that although there was an expected narrow 
range in the estimated figures, that all but two of the data points were within the 
confidence intervals. The ISO and PHS predicted data obtained from these two outliers 
were removed from the data set as it was considered that they may have been due to a 
measuring error when measuring the metabolic rate. These outliers were not included in 
the validity analysis. 
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Table 25: Descriptive statistics of all Estimated and Measured Metabolic Rates for all 
experimental data. 
N Mean SD 
Estimated Metabolic Rate 62 62 162 
Measured Metabolic Rate 67 67 150 
Table 26: Descriptive statistics of Estimated and Measured Metabolic Rates for all 
experimental data with outliers removed. 
N Mean SD 
Estimated Metabolic Rate 53 159 28 
Measured Metabolic Rate 53 156 32 
Valid N (Listwise Cases) 53 
Only 53 cases are valid (i. e. have both measured and estimated metabolic rate values) 
and as such any analyses of the relationship between the predicted and measured 
metabolic rate values were carried out on these 53 cases. The descriptive statistics in 
Table 26 show that the mean values are similar with the estimated metabolic rate value 
less than 10% higher than the measured value. This is well below the possible 
overestimation of between 20 to 50% normally associated with estimating metabolic 
rate. This suggests therefore, that the use of the ACSM equation when data across all 
exposures are compared was successful in limiting the differences between the two 
inputs. 
Table 27: Results of Pearson Correlation and Paired Analysis Comparisons of Estimated 
and Measured Metabolic Rate (W. m-2) for all experimental data 
Paired Samples Correlations Paired Differences 
N r2 P Mean SD SEM 
95% CI of the Sig. (2- 
Metabolic rate Difference tailed) 
Lower Upper 
Estimated vs Measured 
53 0.763 0.000 2.87 21.1 2.89 -2.94 8.68 0.326 
Table 27 shows a significant correlation (r2=0.763, p<0.001) between estimation and 
measured metabolic rates with no significant differences observed between the two 
(p<0.326). Although there was no significant difference between the two input 
variables, a comparison of the interpretations from both input variables is necessary, as 
it has been shown that even small variations in metabolic rate inputs may have 
significant effects on the accuracy of the ISO model. 
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7.9 Comparison of within model predictions 
for estimated and measured metabolic rate 
inputs 
For each set of results, all the data is described. Then only the pair-wise data is 
analysed. This was done because not all the experiments had data for both estimated 
and measured metabolic rate inputs. Any metabolic rate inputs identified as outliers 
were removed from the analysis. 
7.9.1 Comparison of Sweat Rate predictions for estimated 
and measured metabolic rate inputs 
The relationship between predicted sweat rates from the two metabolic input variables is 
investigated. All three models are included. Abbreviations have been used to indicate 
estimated metabolic input (Est Met) and measured metabolic (Meas Met) rate input 
data. 
Table 28: Descriptive statistics of all SWp data (gh-1) for all three models and both 
metabolic inputs for all experimental data 
Estimated Measured 
N 
Mean SD N Mean SD 
ISO SWp (g/h) 63 319 60 68 301 59 
ISOmod SWp (g/h) 63 313 76 54 299 72 
PHS Sweat Rate (g/h) 63 578 66 68 569 52 
Valid N (listwise) 
63 
There was a large difference between the ISO models and the PHS model when all 
experiments were combined. The lower N values for the ISO,,, condition are due to 
the ISOmo not being used to evaluate Experiments 9 and 10 in Study 3, as the clothing 
worn did not exceed 0.6 clo. The table below provides the descriptive statistics for the 
pair-wise (i. e. where both input variables are available). 
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Table 29: Pair-wise descriptive statistics of SWp (gh-1) for all three models and both 
metabolic inputs for all experimental data 
N Mean SD 
ISO SWp (Est Met) 52 308.4 60.7 
ISO SWp (Meas Met) 
52 306.9 61.6 
ISOmod SWp (Est Met) 52 296.6 71.3 
ISOmod SWp (Meal Met) 52 295.4 71.6. 
PHS SWp (Est Met) 50 543.2 37.8 
PHS SWp (Meas Met) 50 558.5 43.2 
An interesting point to note from the standard deviation of the sweat rate from the PHS 
model is that it seems to be more sensitive to variations in metabolic rate input. 
Although the ISOmod had the largest standard deviation (±71.6) for both metabolic rate 
input variables, it showed the smallest deviation between variables. This is probably 
due to the skin temperature remaining at 36°C. 
Table 30: Pearson Correlation Coefficients and Paired Analysis Comparisons of 
Predicted Sweat Rates from both metabolic rate inputs for all ex perimental data 
Paired Samples Correlations Paired Differences 
N r2 P Mean SD SEM 
95% CI of the Sig. (2- 
Comparisons of SWp Difference tailed) 
Lower Upper 
ISO SWp 
52 0.99 0.00 1.45 9.07 1.26 -1.08 3.98 0.25 
ISOmod SWp 
52 0.99 0.00 1.22 7.39 1.02 -0.84 3.27 0.24 
PHS SWp 50 0.77 0.00 -15.3 
28.23 3.99 -23.34 -7.29 0.00 
123 
N 
J 
CL 
C 
Ö 
a 
A 
" 
" 
7 
N 
E 
0 
" 
A 
N 
" 
" 
9 
" 
CL 
p4 
C 
WSMpVE 
pM5 Am 
l9GAVO E 
4p E 
04 
M. -W. 
Figure 23: Scatter plot of Predicted Sweat Loss for Estimated and Measured Metabolic rate input 
values4 
There is a highly significant correlation (p<0.001) between each of the model's SW, for 
both metabolic inputs with the ISO and ISOn, 0d producing r` values of 0.99. The PHS 
model shows a significant intra-SWp difference between the two input results (p<0.001) 
and the mean difference is negative (-15.31) compared to that of the ISO models (1.45 
and 1.22). This means that the PHS SWp values from measured metabolic inputs are 
higher than those for estimated inputs. This is a shift from the ISO models where the 
estimated input produced higher SWp values. Since the estimated metabolic rate inputs 
were greater than measured rates, this is an unexpected occurrence and suggests that the 
model is more sensitive to metabolic rate variations because the data is from paired 
experiments where the only difference in each pair was the metabolic rate input value. 
This can be seen in 
Figure 23 where the PHS regression is not as steep as that for the ISO models, which 
have a regression equation that is almost on the line of origin. By observing the values 
4 The author was unable to redraw this graph as no longer have access to SPSS. Please note 
the X axis origin is zero and not less than zero. The format of the graphs is due to the war that 
SPSS draws graphs and is not intended to suggest that the X and Y axes originate below zero. 
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of the differences, it can be seen that they are in tens of grams per hour, and although 
statistically significant, the actual differences are not important. Both input variable 
outputs however, is compared with the observed data because both inputs were not 
available for all experiments. 
7.9.2 Comparison of Duration Limited Exposure (DLE) 
predictions for estimated and measured metabolic 
rate inputs 
The DLE predictions for both metabolic inputs for all three models are presented and 
evaluated. Only the Danger DLEs (tre 38°C) are analysed. No comparisons between 
the PHS model and the ISO Alrarm DLEs would be possible due to the PHS model only 
predicting for t«38°C. 
Table 31: Descriptive statistics of predicted DLEs for both metabolic inputs for all 
experimental data 
N Mean SD 
ISO DLEs (Est Met) 62 34 12 
ISO DLEs (Meas Met) 
67 38 15 
ISOmod DLEs (Est Met) 
62 33 11 
ISOmod DLEs (Meas Met) 
53 36 26 
PHS DLE (Est Met) 
62 33 8 
PHS DLE (Meas Met) 67 35 12 
Table 31 shows that the means within each model are very similar for both metabolic 
rate input variables. Interestingly, unlike in the analyses of the sweat rates, the PHS 
model appears to be less sensitive to variations both within each and between each 
metabolic rate input variable. Here too the PHS DLEs are less sensitive to the 
variations in metabolic rate input variables, with SDs of 8 and 12 for estimated and 
measured inputs respectively. This was unexpected because the PHS SW, were more 
susceptible to metabolic rate variation than the ISO models were. The ISOmod DLEs 
however had a greater difference between the SDs for the two variables. This does not 
appear to be significant. The results were further analysed. 
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Table 32: Pearson Correlation Coefficients and Paired Analysis Comparisons of 
predicted DLEs for both metabolic inp uts for all experimental data 
Paired Samples Correlations Paired Differences 
95% CI of the 
N r2 P Mean SD SEM Difference 
Sig. (2- 
Lower Upper tailed) 
ISO DLEs 53 0.65 0.000 -1.7 11.0 1.5 -4.8 1.3 0.255 
ISOmod DLEs 52 0.78 0.000 -1.7 9.4 1.3 -4.3 0.9 0.199 
53 0.84 0.000 -1.5 7.1 1.0 -3.5 0.5 0.134 PHS DLE 
As with, sweat rate, there is a significant correlation for DLEs between the metabolic 
rate inputs, although the r2 values are slightly lower for the ISO models and higher for 
the PHS model. The mean differences are all low and negative with the 95% Cl of the 
difference showing that the DLEs from the measured input metabolic values tended to 
be higher than the estimated metabolic input DLEs. The difference between the two 
ISOmoa DLEs also showed the greatest standard deviation, with the PHS showing the 
smallest deviation. The Paired Analysis shows that none of these differences is 
significant. This can be seen in the scatter plot in Figure 24, which shows the smaller 
scatter of PHS predicted DLEs around their regression line than either of the ISO 
models. 
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Figure 24: Scatter plot of Predicted DLEs for Estimated and Measured Metabolic rate input values5 
7.10 Comparison between ISO and PHS model 
sweat rate predictions and observed data 
The results from each experiment and for all data combined, are presented in this 
section. Each experiment was analysed to identify if any of the experimental 
differences (such as clothing, work rate, partial vapour pressure, etc. ) may have had a 
specific effect on the data. All the data were then combined for analysis so as to 
evaluate the validity of the models across a range of conditions. 
The table cells shaded grey show those experiments where no data were available. 
Experiment 1: No measured metabolic rate data available. 
5 Please note that the graphs origin is 0: 0 and not less than zero. The format of the graphs is 
due to the way that SPSS draws graphs and is not intended to suggest that the X and Y axes 
originate below zero. 
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Experiments 9 and 10: No estimated metabolic rate data available. No ISOmod data 
from either as the clo value was less than 0.6clo. 
7.10.1 Sweat Rate: Descriptive Stats for all experiments 
Table 33: Table showing descriptive statistics of all predicted and observed sweat rates 
(gh-1). 
Estimated Met Measured Met 
Variable 
N Mean SD N Mean SD 
ISO SWp 8 373 20.5 N/A N/A N/A 
ISO mod SWp 8 405 26 N/A N/A N/A Expl 
PHS SWp 8 8 691 N/A N/A N/A 
Observed SW 8 8 833 N/A N/A N/A 
ISO SWp 8 377 12 8 369 13 
ISOmod SWp 8 414 14 8 407 14 
Exp2 
PHS SWp 8 617 14 8 626 26 
Observed SW 8 804 197 8 804 197 
ISO SWp 8 229 34 8 225 34 
ISOmod SWp 8 213 37 8 210 37 
Exp3 PHS SWp 8 530 25 8 529 33 
Observed SW 7 971 309 7 971 309 
ISO SWp 8z 225 20 8 221 19 
ISOmod SWp 8 210 22 8 206 21 
Exp4 PHS SWp 8 500 8 8 517 17 
Observed SW 7 971 309 7 971 309 
ISO SWp 8 355 5 8 344 10 
ISOmod SWp 8 311 5 8 303 8 
Exp5 
PHS SWp 8 506 3 8 520 10 
Observed SW 8 853 255 8 853 255 
ISO SWp 7 302 5 6 312 10 
ISOmod SWp 7 270 6 6 278 9 
Exp6 
PHS SWp 7 569 2 6 552 6 
Observed SW 7 702 149 7 702 149 
ISO SWp 8 344 18 8 349 21 
ISOmod SWp 8 339 17 8 342 20 
Exp7 
PHS SWp 8 589 7 8 630 50 
Observed SW 8 1128 209 8 1128 209 
ISO SWp 7 343 15 7 348 16 
Exp8 c 
ISOmod SWp 7 338 16 7 338 16 
PHS SWp 7 588 8 7 624 29 
Observed SW 7 1093 358 7 1093 358 
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ISO SWp N/A N/A N/A 8 289 33 
ISOmod SWp N/A N/A N/A N/A N/A N/A 
Exp9 
PHSSWp N/A N/A N/A 8 554 24 
Observed SW N/A N/A N/A 8 578 138 
ISO SWp N/A N/A N/A 6 248 32 
r Exp10 
ISOmod SWp N/A N/A N/A N/A N/A N/A 
PHSSWp N/A N/A N/A 6 568 25 
Q Observed SW N/A N/A N/A 6 327 29 
The Sweat Rate descriptive statistics show that for each experiment, the ISO and ISOmod 
predicted values were less than the PHS (SWp) values, which in turn were less than the 
observed (SW. ) values. 
From Experiment 3, the maximum SW0 , value of 2265 g/h was identified as an outlier 
due to a measurement error and was removed from any further statistical analysis. The 
statistical analysis of data from each experiment and for both metabolic rate input 
variables is presented below. The experiments are coded into the 10 experiments (E1 to 
E10) and for both metabolic rates (-E and -M); for example, Experiment 1 with 
Estimated Metabolic Input data is coded as E1-E. 
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7.10.2 Comparison of the predicted (SWp) and observed 
(SWo) sweat rates for the ISO model 
Table 34: Pearson Correlation Coefficients and Paired Analysis Comparisons of ISO 
SWp and SWo for estimated metabolic in puts for all exp erimental data 
Paired Samples Correlations Paired Differences 
2 
95% CI of the Sig. N r p Mean SD SEM Differ ence tailed) Lower Upper 
EI-E 8 -0.49 0.223 -459 148 52 -583 -336 0.000 
E2-E 8 0.10 0.812 -426 196 69 -590 -262 0.000 
E3-E 7 0.51 0.242 -738 293 111 -1,009 -467 0.001 
E4-E 8 -0.68 0.061 -699 251 89 -909 -489 0.000 
E5-E 8 -0.15 0.725 -498 256 90 -712 -284 0.001 
E6-E 7 0.12 0.798 -400 148 56 -537 -262 0.000 
E7-E 8 -0.36 0.374 -784 216 76 -964 -604 0.000 
E8-E 7 -0.45 0.308 -750 365 138 -1,088 -413 0.002 
E9-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Table 35: Pearson Correlation Coefficients and Paired Analysis Comparisons of ISO 
SWp and SWo for measured metabolic in puts for all experimental data 
Paired Samples Correlations Paired Differences 
2 
95% Cl of the Sig. N r p Mean SD SEM Difference tailed) Lower Upper 
E1-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-M 8 0.29 0.482 -434 193 68 -596 -273 0.000 
E3-M 7 0.56 0.195 -743 291 110 -1,012 -475 0.001 
E4-M 8 -0.43 0.291 -703 246 87 -909 -498 0.000 
E5-M 8 0.17 0.693 -509 253 90 -721 -297 0.001 
E6-M 7 0.12 0.798 -400 148 56 -537 -262 0.000 
E7-M 8 -0.35 0.393 -780 217 77 -961 -598 0.000 
E8-M 7 -0.30 0.515 -746 363 137 -1,082 -410 0.002 
E9-M 8 -0.23 0.576 -288 149 53 -413 -164 0.001 
E10-M 6 0.29 0.576 -80 36 15 -118 -42 0.003 
No significant correlations are observed for either metabolic rate input. All paired 
comparisons show a significant difference between the predicted and observed values 
(p<0.001) apart from E8-E, E8M and E1OM. All the mean differences are negative 
showing the observed data were greater than the predicted data. 
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7.10.3 Comparison of the predicted (SWp) and observed 
(SWo) sweat rates for the ISOmod model 
Table 36: Pearson Correlation Coefficients and Paired Analysis Comparisons of 
ISOmod SWp and SWo for estimated metabolic inputs for all experimental 
data 
Paired Samples Correlations Paired Differences 
95% CI of the 
N p Mean SD SEM Difference 
Sig. (2- 
tailed) Lower Upper 
E1-E 8 -0.48 0.227 -427 151 53 -553 -301 0.000 
E2-E 8 0.15 0.732 -389 195 69 -552 -226 0.001 
E3-E 7 0.51 0.241 -754 292 110 -1,023 -484 0.000 
E4-E 8 -0.69 0.060 -714 252 89 -925 -503 0.000 
E5-E 8 -0.05 0.905 -542 255 90 -755 -328 0.001 
E6-E 7 0.07 0.879 -431 149 56 -569 -294 0.000 
E7-E 8 -0.33 0.424 -789 215 76 -969 -610 0.000 
E8-E 7 -0.42 0.354 -755 365 138 -1,093 -417 0.002 
E9-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Table 37: Pearson Correlation Coefficients and Paired Analysis Comparisons of 
ISOmod SWp and SWo for measured metabolic inputs for all experimental 
data 
Paired Differences 
95% CI of the 
N r2 P Mean SD SEM Difference '2 
Sig. (2- 
tailed) Lower Upper 
E1-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-M 8 0.33 0.430 -397 193 68 -558 -236 0.001 
E3-M 7 0.54 0.208 -758 290 110 -1,026 -489 0.000 
E4-M 8 -0.51 0.196 -718 249 88 -926 -510 0.000 
E5-M 8 0.20 0.642 -550 253 90 -762 -338 0.000 
E6-M 6 0.64 0.172 -454 132 54 -593 -315 0.000 
E7-M 8 -0.33 0.430 -786 216 76 -967 -605 0.000 
E8-M 7 -0.31 0.498 -751 364 138 -1,088 -415 0.002 
E9-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Here too, no significant correlations are observed for either input metabolic rates and all 
paired comparisons show that a significant difference between the predicted and 
observed values was found (p<0.001) - apart from E8-E and E8M (p<0.002). All the 
mean differences are negative showing the observed data were greater than the 
predicted data. 
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7.10.4 Comparison of the predicted (SWp) and observed 
(SWo) sweat rates for the PHS model 
Table 38: Pearson Correlation Coefficients and Paired Analysis Comparisons of PHS 
SWp and SWo for estimated metabolic in puts for all exp erimental data 
Paired Samples Correlations Paired Differences 
95% CI of the 
N r2 P Mean SD SEM Difference 
Sig. 2- 
tailed) Lower Upper 
E1-E 8 -0.13 0.755 -142 143 51 -262 -22 0.026 
E2-E 8 0.42 0.303 -151 190 67 -310 8 0.060 
E3-E 7 0.49 0.266 -437 298 113 -712 -161 0.008 
E4-E 8 -0.60 0.112 -424 242 86 -627 -222 0.002 
E5-E 8 0.78 0.022 -347 253 89 -559 -136 0.006 
E6-E 7 0.17 0.722 -133 149 56 -270 5 0.056 
E7-E 8 -0.15 0.728 -539 210 74 -714 -363 0.000 
E8-E 7 -0.34 0.458 -505 361 136 -839 -171 0.010 
E9-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Table 39: Pearson Correlation Coefficients and Paired Analysis Comparisons of PHS 
SWp and SWo for measured metabolic inputs for all exp erimental data 
Paired Samples Correlations Paired Differences 
N r2 P Mean SD SEM 
95% CI of the Sig. (2. Difference 
tailed) Lower Upper 
E1-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-M 8 0.70 0.054 -178 179 63 -328 -28 0.026 
E3-M 7 0.22 0.636 -445 303 115 -726 -165 0.008 
E4-M 8 -0.46 0.252 -407 245 87 -612 -202 0.002 
E5-M 8 0.12 0.770 -334 254 90 -546 -121 0.007 
E6-M 6 -0.60 0.204 -179 142 58 -328 -30 0.027 
E7-M 8 -0.18 0.675 -498 223 79 -684 -311 0.000 
E8-M 7 0.54 0.208 -469 343 130 -787 -152 0.011 
E9-M 8 -0.11 0.801 -24 142 50 -143 95 0.645 
E10-M 6 0.14 0.797 240 35 14 203 277 0.000 
The PHS model mean sweat rate was closer to the mean of SW,, than the predictions of 
the other two models. The SD of the mean difference the scatter around the mean was 
comparable in magnitude to that of both the ISO models when estimated metabolic rate 
was inputted. None of the data sets provided significant correlations between SW, and 
SW,,, but a significant difference between them (p<0.001) was found in E7-E, E7-M. 
and E 10M 
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7.10.5 Comparison of the predicted (SWp) and observed 
(SWo) sweat rates over all experiments and for all 
models 
Table 40: Pearson Correlation Coefficients and Paired Analysis Comparisons of all 
SWp and SWo for both measured metabolic in puts 
Paired Samples Correlations Paired Differences 
95% CI of the Sig. 
Comparison of SWp vs SW. N r2 P Mean SD SEM Difference (2- 
Lower Upper tailed) 
ISO (Est Met) 61 -0.07 0.569 -593 274 35 -663 -522 0.000 
ISOmod (Est Met) 66 0.20 0.100 -532 310 38 -608 -456 0.000 
PHS (Est Met) 61 -0.06 0.620 -598 278 36 -669 -527 0.000 
ISO (Meas Met) 52 0.02 0.869 -633 280 39 -711 -555 0.000 
ISOmod (Meas Met) 61 -0.06 0.633 -334 275 35 -404 -263 0.000 
PHS (Meas Met) 66 0.22 0.079 -266 309 38 -342 -190 0.000 
Any cross comparison between data sets of different sample sizes is difficult as the size 
of the data set may have a bearing on the results. However, where large differences are 
observed (such as the ISOmod SWp (Meas Met) and SW,, (N=52)), possible explanations 
for the differences is provided in the discussion section. The differences between data 
sets may be due to the type of data that were excluded. 
No linear relationships, and therefore correlations, were found between any of the 
predicted sweat rates and the observed sweat rates. It is interesting to note that the 
estimated metabolic inputs provided negative relationships with the observed data, 
while the measured metabolic rate inputs resulted in a positive relationship. This can be 
seen in the scatter plots below (Figure 25). All sets of data had significant differences 
between SWp and SW. (p<0.001). The greater variability in measured metabolic input 
SWp suggests that the SWp in both models was sensitive to changes in metabolic rate. 
Another consideration is that the lower clothing insulation values in E9 and E10 
coupled with the lowest sweat rates provided by the females in experiment 10 probably 
had an effect on the overall results, hence individual experiments were also analysed. 
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7.11 Comparison between ISO and PHS model 
DLE predictions and observed data 
The table cells shaded grey show those experiments where no data were available. 
it is important to remember that the ISO models predict a Danger DLE to protect most 
of the workers, while the PHS predicts the mean response. Therefore, although 
statistical analysis (correlation and paired sample t-test) has been conducted on the 
means of data, this is not appropriate for a direct comparison between observed DLEs 
and the predicted DLEs from the two ISO models. However the analysis has been 
6 Please note that the graphs origin is 0: 0 and not less than zero. The format of the graphs is 
due to the way that SPSS draws graphs and is not intended to suggest that the X and Y axes 
originate below zero. 
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conducted on the means to obtain a statistical measure of their relationship because the 
relationship would be linear (although significantly different) between the parameters if 
the ISO models were providing valid predictions. A direct comparison between the 
predictions from the PHS model and the observed data is valid as the PHS is attempting 
to predict the mean time for core temperature (tja) to reach 38°C. 
135 
7.11.1 DLE - Descriptive Statistics for all experiments 
Table 41: Table showing descriptive statistics of all predicted and observed DLEs 
(mins). (Note: Experimental conditions for all experiments are shown in Table 
25a. ) 
Variable Estimated Met as Input Measured Met as Input 
N Mean SD N Mean SD 
ISO DLE 8 33 2 N/A N/A N/A 
ISOmod DLE 8 38 3 N/A N/A N/A 
Expl 
PHSDLE 8 39 3 N/A N/A N/A 
DLE-obs 2 50 12 N/A N/A N/A 
ISO DLE 8 41 3 8 56 20 
ISOmod DLE 8 50 5 7 64 18 
Exp2 PHS DLE 8 48 4 8 59 15 
DLE-obs 1 39 1 39 
ISO DLE 8 23 2 8 26 4 
ISOmod DLE 8 22 2 8 25 4 
Exp3 PHS DLE 8 25 1 8 27 2 
DLE-obs 8 35 9 8 35 9 
ISO DLE 8 27 2 8 30 5 
ISOmod DLE 8 26 2 8 29 5 
Expo PHS DLE 8 27 1 8 29 3 
DLE-obs 8 41 14 8 41 14 
ISO DLE 8 29 1 8 34 5 
ISOmod DLE 8 25 1 8 29 4 
Exp5 PHS DLE 8 27 0 8 30 2 
DLE-obs 8 35 12 8 35 12 
ISO DLE 7 62 2 6 50 4 
Exp6 
ISOmod DLE 7 50 1 6 42 3 
PHS DLE 7 41 1 6 37 2 
DLE-obs 6 43 14 6 43 14 
ISO DLE 8 29 1 8 25 3 
ISOmod DLE 8 28 1 8 25 3 
Exp7 PHS DLE 8 30 1 8 28 2 
DLE-obs 8 30 7 8 30 7 
ISO DLE 7 28 1 7 26 2 
Exp8 
ISOmod DLE 7 28 1 7 25 2 
"Cl PHS DLE 
7 30 1 7 28 1 
a DLE-obs 7 37 8 7 37 8 
ISO DLE N/A N/A N/A 8 45 10 
ISOmod DLE N/A N/A N/A N/A N/A N/A 
Exp9 PHS DLE N/A N/A N/A 8 38 6 
DLE-obs N/A N/A N/A 7 57 14 
ISO DLE N/A N/A N/A 6 55 15 
ISOmod DLE N/A N/A N/A N/A N/A N/A 
Exp10 PHS DLE N/A N/A N/A 6 42 7 lzý 
DLE-obs N/A N/A N/A 5 79 26 
136 
In Experiments 1 and 2, only two and one (respectively) of the eight subjects reached a 
limiting criteria of tc° = 38°C, yet both models predicted DLEs less than the maximum 
experimental time of 75mins. In Experiments 3 and 5, where the partial vapour pressure 
was high, the difference between the predicted and observed DLEs decreased. The low 
metabolic rates (100 4- 7 W. m ) in Experiment 6 reversed the predictive trend of the 
previous experiments (1 to 5) by over predicting the time for tt° to reach 38°C. 
In E7 and E8, there is a polar shift from a mean observed DLE of 30 mins to 37 mins 
respectively. The reason for this is probably due to the greater vapour permeability of 
the Cyclone suits worn in Experiment 8. (Data not included in this report showed that 
the cyclone suit allowed about 25% more sweat to evaporate then the PU suit in 
Experiment 7. ) This is supported by the lower mean and minimum SW. values in E8 
(See Table 33on Page 128) which suggests that the subjects in E8 were experiencing 
less thermal stress than the subjects in E7 due to the clothing even though the 
experimental conditions were almost identical. 
In E9 and E10 the observed DLEs are again longer than predicted DLEs, with only two 
out of six subjects reaching withdrawal criteria in E10. Interestingly, the mean ISO 
DLEs are for longer than the PHS and are closer to the observed data than the PHS 
DLEs are. Another point to note is that the combination of a higher clo value (0.6clo) 
and the lower measured metabolic rate input values (115 W. m 
2) for the female subjects 
in E10 does not appear to result in as large a proportional change in the PHS model as in 
the ISO model when compared to the predictions for the males in E10. This is also 
reflected in the higher ISO mean SW, for E9 and conversely the PHS mean SW, is 
higher in E10. This confirms that the ISO SWp is more sensitive to metabolic rate 
changes (Kähkönen, 1993) than is the PHS SW, and that the PHS SW, is more sensitive 
to clothing insulation changes. Neither model though allowed for the inter-gender 
differences between males and females in heat stress conditions. 
7.11.2 ISO DLEs and Observed DLE- 
The analysis of the percentile protected by the ISO, ISOmod , and PHS models showed 
that they were not meeting the requirement of "face validity"; they were not doing what 
they said they could do. The next stage of analysis was concerned with evaluating the 
relationship between the observed and predicted values. This analysis is specifically for 
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the PHS model because it is supposed to be predicting the mean tc. =38°C and therefore 
the mean DLE. The ISO models have been included in this analysis to allow for their 
relationship with observed DLEs to be further investigated. The analysis for each 
model is presented in turn. 
Table 42: Pearson Correlation Coefficients and Paired Analysis Comparisons of ISO 
DLEs and observed DLEs for estimated metabolic inputs for all experimental 
data 
Paired Samples Correlations Paired Differences 
95% Cl of the 
2 r p Mean SD SEM Difference . 
2- Sig. 
Lower Upper tailed) 
El-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E3-E 8 -0.11 0.794 -12.0 9.2 3.3 -19.7 -4.3 0.008 
E4-E 8 0.24 0.570 -14.1 14.0 5.0 -25.8 -2.4 0.025 
E5-E 8 0.44 0.277 -6.0 11.8 4.2 -15.8 3.8 0.193 
E6-E 6 0.65 0.161 19.5 12.8 5.2 6.1 32.9 0.013 
E7-E 8 0.02 0.962 -1.8 6.7 2.4 -7.3 3.8 0.484 
E8-E 7 0.35 0.437 -8.3 7.3 2.7 -15.0 -1.6 0.023 
E9-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Table 43: Pearson Correlation Coefficients and Paired Analysis Comparisons of ISO 
DLEs and observed DLEs for measured metabolic inputs for all experimental 
data 
Paired Samples Correla tions Paired Differences 
95% CI of the 
N r2 p Mean SD SEM Difference Sig. (2- tailed) Lower Upper 
E1-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E3-M 8 0.43 0.288 -9.6 8.0 2.8 -16.3 -2.9 0.012 
E4-M 8 0.64 0.086 -11.4 11.7 4.1 -21.2 -1.6 0.029 
E5-M 8 0.46 0.250 -0.5 11.0 3.9 -9.7 8.7 0.901 
E6-M 5 0.04 0.951 10.4 10.7 4.8 -2.9 23.7 0.096 
E7-M 8 -0.24 0.569 -4.9 7.6 2.7 -11.2 1.5 0.113 
E8-M 7 0.61 0.149 -10.9 6.7 2.5 -17.1 -4.6 0.005 
E9-M 7 -0.09 0.839 -13.6 17.6 6.7 -29.9 2.7 0.088 
E10-M 5 0.48 0.410 -25.8 22.8 10.2 -54.1 2.5 0.065 
No significant correlations relationships were observed. 
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7.11.3 ISOmod DLE: Observed DLE 
Table 44: Pearson Correlation Coefficients and Paired Analysis Comparisons of 
ISOmod DLEs and observed DLEs for estimated metabolic inputs for all 
experimental data 
Paired Samples Correlations Paired Differences 
2 
95% CI of the Si (2- 
N r p Mean SD SEM Difference tailed) Lower Upper 
E1-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E3-E 8 -0.11 0.794 -13.0 9.2 3.3 -20.7 -5.3 0.005 
E4-E 8 0.24 0.574 -15.4 14.0 4.9 -27.1 -3.7 0.017 
E5-E 8 0.55 0.155 -9.5 11.7 4.1 -19.3 0.3 0.055 
E6-E 6 0.80 0.056 7.7 12.6 5.1 -5.6 20.9 0.196 
E7-E 8 0.20 0.632 -2.3 6.5 2.3 -7.7 3.2 0.360 
E8-E 7 0.51 0.246 -8.6 7.1 2.7 -15.2 -2.0 0.019 
E9-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Table 45: Pearson Correlation Coefficients and Paired Analysis Comparisons of 
ISOmod DLEs and observed DLEs for measured metabolic inputs for all 
experimental data 
Paired Samples Correlations Paired Differences 
2 
95% CI of the Sig. (2- N r p Mean SD SEM Difference tailed) Lower Upper 
E1-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E3-M 8 0.43 0.288 -10.6 8.0 2.8 -17.3 -3.9 0.007 
E4-M 8 0.64 0.086 -12.4 11.7 4.1 -22.2 -2.6 0.020 
E5-M 8 0.48 0.234 -5.4 11.0 3.9 -14.6 3.8 0.210 
E6-M 5 -0.02 0.978 2.4 10.6 4.7 -10.8 15.6 0.639 
E7-M 8 -0.13 0.757 -5.4 7.4 2.6 -11.6 0.8 0.080 
E8-M 7 0.59 0.160 -11.1 6.6 2.5 -17.3 -5.0 0.004 
E9-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E 10-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Again no significant correlations were found. 
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7.11.4 PHS DLE Observed DLE 
Table 46: Pearson Correlation Coefficients and Paired Analysis Comparisons of PHS 
SWp and SWo for measured metabolic in puts for all exp erimental data 
Paired Samples Correlations Paired Differences 
95% CI of the 
N r2 p Mean SD SEM Difference Sig. (2- tailed) Lower Upper 
E1-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E3-E 8 -0.31 0.459 -10.0 9.4 3.3 -17.8 -2.2 0.019 
E4-E 8 0.32 0.447 -13.9 14.0 4.9 -25.6 -2.2 0.026 
E5-E 8 0.44 0.277 -7.5 12.1 4.3 -17.6 2.6 0.124 
E6-E 6 0.41 0.418 -1.3 13.6 5.5 -15.6 12.9 0.819 
E7-E 8 0.39 0.345 -0.1 6.3 2.2 -5.4 5.2 0.957 
E8-E 7 0.51 0.246 -6.6 7.1 2.7 -13.2 0.0 0.050 
E9-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E10-E N/A N/A N/A N/A N/A N/A N/A N/A N/A 
Table 47: Pearson Correlation Coefficients and Paired Analysis Comparisons of PHS 
SWp and SWo for measured metabolic in puts for all exp erimental data 
Paired Samples Correla tions Paired Differences 
95% CI of the 
N 2 r p Mean SD SEM Difference Sig. tailed) Lower Upper 
E1-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E2-M N/A N/A N/A N/A N/A N/A N/A N/A N/A 
E3-M 8 0.43 0.293 -8.3 8.3 2.9 -15.2 -1.3 0.026 
E4-M 8 0.63 0.094 -12.1 12.4 4.4 -22.5 -1.7 0.028 
E5-M 8 0.49 0.212 -5.0 11.4 4.0 -14.5 4.5 0.255 
E6-M 5 0.08 0.892 -2.0 10.1 4.5 -14.6 10.6 0.682 
E7-M 8 -0.23 0.591 -2.5 7.4 2.6 -8.7 3.7 0.369 
E8-M 7 0.64 0.125 -8.3 6.8 2.6 -14.6 -2.0 0.018 
E9-M 7 -0.10 0.831 -20.1 15.3 5.8 -34.3 -6.0 0.013 
E10-M 5 0.38 0.526 -37.6 24.0 10.7 -67.4 -7.8 0.025 
No significant correlations were found between the PHS predicted DLEs and the 
observed DLEs in any of the experiments for both metabolic rate input values. 
Negative linear relationships were reported in E3-E, E7-M and E10-M. 
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7.11.5 All predicted DLEs and observed DLEs data 
combined 
All data were combined and analysed using Pearson correlation and the paired sample t- 
test on pair-wise data. 
Table 48: Pearson Correlation Coefficients and Paired Analysis Comparisons of all 
predicted DLEs and observed DLEs for both metabolic inputs 
Paired Samples Correlations 
N r2 P 
Paired Differences 
95% Cl of the 
Mean SD SEM Difference 
ISO DLEs & 49 
DLE-obs 
ISOmod DLEs 49 
& DLE-obs 
PHS DLE & 49 
DLE-obs 
0.238 0.099 
1-5.4 
14.3 2.0 -9.5 -1.2 
Sig. (2- 
tailed) 
0.012 
0.299 0.037 1-7.5 12.2 1.7 -11.0 -4.0 0.000 
0.300 0.036 1-6.8 11.1 1.6 -10.0 -3.6 0.000 
ISO DLEs & 57 0.609 0.000 -8.0 14.4 1.9 -11.8 -4.2 0.000 DLE-obs 
ISOmod DLEs 45 0.336 0.024 -7.2 10.2 1.5 -10.3 -4.2 0.000 & DLE-obs 
PHS DLE & 57 0.617 0.000 -10.8 15.2 2.0 -14.8 -6.7 0.000 DLE-obs 
Table 48 shows that when all data were combined, that the Pearson correlation provided 
a significant correlations between observed DLES and measured ISO and Measured 
PHS predictions. The correlations for the predicted data obtained from measured 
metabolic rate inputs were stronger than those from the estimated metabolic rate inputs. 
Since the data from the individual experiments showed no correlations, this result is 
probably due to the power of the sample size (as seen by the low correlation 
coefficients). All the comparisons, except estimated metabolic rate in ISO, provided 
significant differences between the means. 
The nature of these linear relationships can be seen in the scatter plots in Figure 26 
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Figure 26: Scatter plots of observed DLEs with predicted DLEs from estimated metabolic rate 
inputs (left) and measured metabolic rate inputs (right)7 
7.12 Comparison between models 
Since the predictions from the models have been shown to be similar, a comparison of 
model predictions was made. Although they are essentially predicting different 
percentile criteria, it was decided to compare the means of both the SWp and the DLEs. 
Please note that the graphs origin is 0: 0 and not less than zero. The format of the graphs is 
due to the way that SPSS draws graphs and is not intended to suggest that the X and Y axes 
originate below zero. 
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7.12.1 ISO SWp and PHS SWp 
Table 49: Pearson Correlation Coefficients and Paired Analysis Comparisons of all 
predicted SWp for both measured metabolic in puts 
Paired Samples Correlations Paired Differences 
95% CI of the Sig. 
N r2 P Mean SD SEM Difference (2- 
Lower Upper tailed) 
ISO SWp (E) & PHS SWp 53 0.65 0.000 -1.7 11.0 1.5 -4.8 1.3 0.255 (E) 
ISOmod SWp (E) & PHS 52 0.78 0.000 -1.7 9.4 1.3 -4.3 0.9 0.199 SWp (E) 
ISO SWp (M) & PHS SWp 53 0.84 0.000 -1.5 7.1 1.0 -3.5 0.5 0.134 (M) 
ISOmod SWp (M) & PHS 53 0.65 0.000 -1.7 11.0 1.5 -4.8 1.3 0.255 SWp (M) 
All data sets showed significant correlations between the ISO models and the PHS 
model. Figure 27 shows the scatter plots of these relationships. 
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7.12.2 ISO DLE and PHS DLE 
O 
Isom 
Table 50: Pearson Correlation Coefficients and Paired Analysis Comparisons of all 
predicted DLEs for both measured metabolic inputs 
Paired Samples Correlations Paired Differe nces 
95% CI of the Sig. 
N r2 P Mean SD SEM Difference (2- 
Lower Upper tailed) 
ISO DLE (E) & PHS DLE 53 0.65 0.000 -1.7 11.0 1.5 -4.8 1.3 0.255 (E) 
ISOmod DLE (E)& PHS 52 0.78 0.000 -1.7 9.4 1.3 -4.3 0.9 0.199 DLE (E) 
ISO DLE (M)& PHS DLE 53 0.84 0.000 -1.5 7.1 1.0 -3.5 0.5 0.134 (M) 
ISOmod DLE (M) & PHS 53 0.65 0.000 -1.7 11.0 1.5 -4.8 1.3 0.255 DLE (M) 
Here too both ISO models provide significant correlations with the PHS model. 
Considering the difference in philosophy of the two models, the mean difference would 
be expected to be larger than it is. This is illustrated in the scatter plots in Figure 28. 
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Figure 28 (left): Scatter plots of ISO DLEs with PHS DLEs from estimated metabolic rate inputs 
(left) and measured metabolic rate inputs(right)8 
7.13 Discussion 
As described in the literature survey, concern has been expressed that ISO SW«q in its 
current state is not a valid heat stress index. The purpose of this experiment was to 
investigate these claims by validating two of the interpretations made by the model in 
ISO 7933: Duration Limit Exposures (DLEs) and the predicted sweat rate (SW,, ). The 
findings showed that there was little or no correlation between the predicted and the 
observed data; irrespective of whether the metabolic rate input was estimated or 
measured). 
o ,,.. 
8 Please note that the graphs origin is 0: 0 and not less than zero. The format of the graphs is 
due to the way that SPSS draws graphs and is not intended to suggest that the X and Y axes 
originate below zero. 
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The following hypotheses are rejected: 
1. ISO and ISOmi 
Ho(l): ISO SW1eq is a valid predictor of the physiological responses of 
clothed subjects in warm humid environments. 
2. PHS 
Ho (2): PHS is a valid predictor of the physiological responses of clothed 
subjects in warm humid environments. 
3. PHS and ISO models 
SWEAT RATE: We can reject the null hypothesis HO(3): PHS is not a 
better predictor of the physiological responses of clothed subjects in 
warm humid environments than ISO 7933. 
DLES: We cannot reject the above null hypothesis. PHS is not a better 
predictor of DLEs when compared to the ISO models. 
The SWreq index's calculations are based on the assumption that the whole population 
may be exposed to the environment, and as such it is claimed that it protects the person 
who is most heat intolerant. Therefore, a weakness of any study may be that subjects 
are not representative of the overall worker population. However, since only subjects 
that reached the limiting criteria were included in the statistical analysis of the DLEs, it 
could be argued that they were more susceptible to heat than those that did not reach the 
limiting criteria and as such would meet the assumptions of the model. The basis for 
this argument is taken from Piette and Malchaire (1999) who used the same criteria in 
their validation study of the PHS model. 
It would seem from these results, that Kampmann's (1999) original criticism of ISO 
SWrcy being developed from laboratory data and the resultant incorporation of field data 
to the development of the PHS model has not improved its validity. 
These findings will now be discussed in further detail. 
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7.13.1 Sweat rates 
The mean volume of sweat loss in each pair of experiments was similar. The only 
variations found were in E9 and E10, where the females in E10 showed a lower sweat 
rate (probably due to their smaller body surface area). This suggests that when clothing 
is worn, in hot humid environments that there is little change in the observed sweat rate 
when metabolic rate is decreased by less than 20%. This would need to be investigated 
further using clothing of different vapour and air permeability. However, of more 
importance is that the mean values are higher than all the maximum sweat rate values 
presented in Table C of Annex C in the ISO SWr, q standard except for the Danger 
criteria of acclimatised subjects. This would suggest therefore that the reference values 
for the maximum sweat loss as presented in the ISO SWreq standard are not suitable for 
situations where clothing is worn. The observed sweat rates were also higher than the 
PHS SWp, although improvements to the model's prediction mean that the PHS SWp 
was higher than the ISO SWreq and ISOmod SWp's in all experiments. 
Both the ISO SWTeq and the PHS models provide a value for the predicted sweat rate in 
W/m2, which is converted to grams per hour. This assumes that all people of all sizes 
sweat in equal amounts and the conversion to grams per hour is based on an "average" 
body surface area. An example of how body size and weight should be taken into 
account in any calculation of sweat loss is provided in E9 and El0. In E9 the males lost 
a mean sweat rate of 578 g/h, while the females in E10 lost a mean of 327 g/h. 
Although the female metabolic rate was measured as lower than the males, the variation 
was less than 20% and if the observations above were correct, then there should have 
been little difference between the male and female sweat rates. Perhaps sweat loss 
should be calculated as a ratio of sweat loss to body weight, from which a volume sweat 
loss could be extrapolated to provide a sweat loss specific to that person. 
Significant differences may be attributable to the differences in the metabolic rate input 
values, although these differences are relatively small when the sweat rates are 
compared visually between the measured and estimated predicted values than the 
differences of the observed sweat rate. Therefore, the fact that the method of obtaining 
a metabolic rate value may result in significant differences between the resultant values, 
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it seemed to have little effect on the SW, by the ISO SWfeq models while the differences 
were much greater in the PHS model. 
What effect the clothing had on this SWp is unknown, and perhaps had subjects been 
subjected to the same conditions and work rates while semi-nude this effect would have 
been quantifiable. One interesting finding was that in E9 where light cotton clothing 
was worn, the mean PHS SW, were almost identical to the observed sweat rate (E9: 
PHS SW, = 568 g/h, SW. = 578 g/h. ) 
7.13.2 DLEs and Observed Time 
DLE is probably that factor which the end users would most likely use as a reference 
value for their estimations of work schedules. This value when combined with the SWp 
would be of great importance to the practitioner, since it would provide them with not 
only a measure of time but also a "control" measure whereby they could estimate the 
amount of fluid intake necessary to minimise dehydration. Unlike the SWp, the 
differences between the estimated and predicted metabolic rates had a significant impact 
on the DLE predicted by the ISO SWreq models yet not by the DLEs predicted by the 
PHS model. Table 48 shows that there is a higher correlation between the observed 
time and the DLE obtained from the measured metabolic rate inputs than with the 
estimated metabolic rate input. This suggests therefore that errors obtained when 
estimating metabolic rate and using those values as inputs does not have as great an 
influence on SWp as they do on the DLEs from all three models. 
The sudden reversal of the prediction, from where the model was making a significant 
under prediction of DLE on moderate metabolic rates to where it over predicted the 
DLE for the lowest metabolic rate seems to suggest that perhaps the ISO model is over 
sensitive to changes in metabolic rate when predicting DLE. Again this sort of shift was 
not evident in the SWp values. 
This is an interesting observation, since one would expect that the effect on the SW, 
value would be similar to the effect on the DLE, due to the interdependence of the two. 
It would seem therefore that the SWp values are being constrained, not by the work rate 
but by the maximum sweat rate values when using the ISO models. 
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Based on the data from this set of experiments, neither model provides a valid 
prediction of the time to reach a core temperature of 38°C. 
7.13.3 General Discussion 
No literature could be found that quantified the onset of sweat related problems such as 
hydromeosis and sweat gland fever. Are these a result of gross sweat rate over time, or 
volume of sweat rate in units such as an hour? Another question would be, "Even with 
replacing electrolytes, what is the maximum amount of water loss that can be replaced 
per hour? " Perhaps future limiting-values for the maximum sweat rate could be 
developed addressing some of these issues too. 
Experiments 1 to 6 were not successful in ensuring that the metabolic rates were 
sufficiently different within pairs so as to exaggerate the effect of decreasing the 
workload by increasing the time of the predicted DLE significantly. It was important 
however that where possible, subjects showed physiological responses of heat stress 
(such as core temperature increase to 38°C) to provide data for the validation of the 
PHS model. At the time of the experimentation it was not know if the PHS criteria limit 
would be 38°C or 38.5°C. 
Finally, an important aspect of the predictor capacity of the ISO model is that it does not 
take into account the thermal properties of the clothing sufficiently. For example, the 
cotton overalls were vapour and air permeable and, as such, would have allowed a 
greater rate of evaporation and convection than perhaps a different ensemble of the 
same clo value would. Further cooling of the skin may also have been caused due to the 
clothing being saturated with sweat, which would have had a wicking effect, thereby 
increasing convection of heat away from the skin surface area. As the vapour 
permeability and emmisivity of the ensembles worn was not known, the values 
recommended in the PHS standard were applied. 
7.14 Conclusions 
1. The results showed that the neither the ISO 7933 SWreq nor the modified ISO 
SWreq models were valid predictors of Duration Limit Exposures and 
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predicted sweat rate for people wearing protective clothing in warm humid 
environments. 
2. The PHS model was also not a valid predictor of either DLEs or SWp when 
PPE was worn. The PHS model did not predict the mean DLEs for any of 
the experiments. Although for E9 where light cotton clothing was worn, the 
mean SWp was almost identical to the observed sweat rate. 
3. The PHS model predictions were more representative of the ISO SWTeq that 
the observed DLEs in all but one experiment. 
4. Furthermore, the limit values for the maximum sweat rates in the ISO 
models seem to be significantly under estimated, which in turn would have 
an effect on the DLE prediction. It also may result in a false positive 
decision being made by the user who will design an exposure time according 
to what they think is a DLE1 prediction, when in fact the worker may lose 
excess water before this occurs. 
5. The PHS model predictions of sweat rate were an improvement on the ISO 
SWr, q predictions but the model also significantly underestimated the 
observed sweat rates. 
6. The influence of metabolic rate on the all the models is understandably 
critical. However, the effects of small changes in metabolic rate input seem 
to have a greater impact on the predicted DLEs in the ISO models and the 
SWp in the PHS model. 
7. Metabolic rate variations have little effect on the ISO SWp values and on the 
PHS values. 
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PART IV 
DESIGN AND DEVELOPMENT 
OF A PRACTICAL HEAT 
STRESS ASSESSMENT 
METHODOLOGY 
PART IV contains Chapter 8 to 13 of the thesis and describes the research undertaken 
in STAGES 3 and 4. CHAPTER 8 (STAGE 1- Overview of Exploratory Stage) 
describes the exploratory stage (STAGE 3 of Project Lifecycle)of the developing the 
methodology, with particular emphasis on the ergonomics techniques employed in 
collecting the necessary data 
CHAPTER 9 (Risk Assessment & Management Considerations) places heat stress in 
the context of risk assessment within an occupational environment. 
CHAPTER 10 (Usability of ISO 7933) presents the heuristic analysis of the usability of 
the SWreq standard and was undertaken in STAGE 3 of the Project Lifecycle. 
CHAPTER 11 (Field Trials - Heat Stress Assessment in a Paper Mill) provides an 
example of the methods, approaches and results of conducting a heat stress risk assessment 
in a real-life situation. The work described was undertaken in STAGE 3 of the Project 
Lifecycle. 
CHAPTER 12 (STAGE 2: Overview of the Design & Development Stage) 
describes the research undertaken in STAGE 4 of the project life-cycle. 
Chapter 13 (Conclusions of STAGE 3&4- Proposed Generic Strategy for the 
Management, Assessment and Control (MA&C) of Heat Stress) presents a step-wise 
prototype approach to heat stress risk assessment. A process flow diagram (Figure 45) 
is presented to describe the proposed task process, decision nodules and recommended 
actions. 
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Chapter 8 STAGE 3 Exploratory Stage 
8.1 Aims 
The main aim of the Exploratory Stage was to provide the background knowledge for 
the development of the practical heat stress assessment methodology. To this end the 
following specific aims were established: 
1. To establish the rationale for user input and to identify the research 
methodologies that will be used; 
2. To promote the project amongst potential users to obtain their possible 
participation in later stages; 
3. To investigate and describe the task of assessing the risk of heat stress using 
the current heat stress standards; 
4. To provide a practical example of a heat stress assessment in industry. 
The Exploratory Stage was concerned with all aspects of heat stress assessment and not 
with any particular aspect (such as ISO 7933) to ensure that the practical heat stress 
assessment methodology would be based on the user's requirements within the 
framework of heat stress risk assessment. 
8.2 Ergonomics techniques for data collection 
8.2.1 Matching Methodology to Theory 
Breakwell (1995) suggests that research projects may often require a number of research 
tools to achieve their goals. The success of using multiple research tools, argues 
Breakwell, is simply the result of the conclusions yielded by each method being 
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compatible with the theory being tested. This point is particularly relevant to this 
project because a number of ergonomic methods were required to gather information. 
The users of any practical risk assessment methodology may be those people who are 
responsible for the health and safety of the work force in a company and those people 
who are expected to enforce the health and safety legislation. The participation of these 
people would be sought for this project. As with all applied ergonomic research, when 
the input of people from industry is required, there is a general concern that to engage 
potential users in the research process may impose additional time and commitment 
burdens upon them, on top of their work commitments. A consequence may be that 
user participation may be lacking, not due to the user's unwillingness to take part but 
that they do not have the time to do so. Therefore, different methods of investigation 
were reviewed to obtain a justifiable balance between "what was ideal" in terms of 
scientific research requirements and "what was possible" within the real-world time and 
expected sample participation constraints. 
It was recognised early on that for formal one to one interviews, participants would be 
expected to travel to, or receive a visit from the researchers. This would be time 
consuming and could be overcome by gaining access to participants when they were 
attending conferences, one-day-workshops etc. These were then targeted for access to 
participants. BOHS conferences, one day Special Interest Group (SIG) meetings of 
BOHS members and one-day meetings held at Loughborough and elsewhere were used 
as data collection and "networking" opportunities. It was hoped that the "networking" 
would encourage participants to take part in other aspects of the research such as the 
usability trials, field trips etc. The nature of conferences and one-day meetings meant 
that data collection methods such as formal interviews or questionnaires would yield 
few results, but informal interviews and group discussions run as workshops would 
provide the best methods for data collection. The following ergonomic techniques for 
data collection were identified. 
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Table 51: Ergonomic techniques in the system life cycle. 
Exploratory Stage Design & Development Evaluation 
Literature Review Literature Review User Trials (in the Field) 
HTA Group Discussions Group Discussions 
Interviews Questionnaires 
Ergonomic methods for informal interviews, task analysis and questionnaire design are 
well published and therefore will not be discussed here, although a literature survey was 
conducted on these areas. Instead, usability testing and the use of structured discussion 
groups is discussed as neither has been used previously in the development of heat 
stress assessment methods. 
8.3 User Centred Design and Usability Testing 
8.3.1 User Centred Design 
The process requires the designer and/or engineer to establish who the users will be and 
to ensure that the product meets their requirements. This puts the user at the centre of 
the design process. According to Poulson et al (1996), three basic factors need to be 
established in analysing the user. 
1. Identifying the stakeholders who will use the product; 
2. Identifying the characteristics of these individuals or groups; 
3. Identifying the requirements that these stakeholders have. 
8.3.2 Importance of the User 
The need to "know the user" according to Nielsen (1993) is the basic requirement of all 
usability guidelines. Suttcliffe (1988) provided descriptions of users based upon criteria 
that categorised them in terms of their experience of technology. These categories have 
been adapted for this project to provide the following: 
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Table 52: Table showing categories and descriptions of potential users 
User Category Description in terms of Heat Stress Risk Assessment 
Beginners to risk assessment, who do not have knowledge specific to heat 
Novice stress risk assessment. 
People who occasionally conduct risk assessments and who may or may 
Occasional not have a limited knowledge of heat stress risk assessment methods. 
People who have extensive knowledge of risk assessments, but who may 
Transfer be new to heat stress risk assessments. 
People who are both experienced and knowledgeable in risk assessments 
Skilled and heat stress risk assessments. 
People who have a detailed knowledge of heat stress, but who may not 
have a detailed knowledge of other risk assessment procedures. 
Expert These people may be academics or health and safety or occupational 
hygiene professionals who have been involved in the development of 
British, European and /or International Standards. 
8.3.3 Individual User Characteristics 
It is necessary to define the user population so that their knowledge, work experience, 
education etc of the users can be understood. This enables the anticipation of what their 
performance expectations when using the product are, and what difficulties they may 
have so that appropriate limits of the complexity of the product can be set (Nielsen, 
1993). Although this information may be available in some form in the literature, 
Nielsen recommends that direct communications and observations of the users be 
conducted to gain new insights that may be specific to the product being developed. 
It is recognised that the boundaries between the categories listed may be somewhat 
blurred, with distinctions between categories being difficult to allocate. It is appropriate 
however, to assume that users should have at least a modicum of training and as such, it 
would probably be best to aim the methodology at the "Occasional" user than the 
Novice. The logic for this is supported by the literature review that showed that heat 
stress risk assessments are occasional rather than frequent occurrences. Another 
example is provided by The Health and Safety Executive's regulations that provide a 
formal definition of users for display screen equipment (DSE) where users are defined 
in terms of their usage of display screens. This does not provide a definition based on 
competence or knowledge but on frequency of use and while this has come about due to 
the risk being proportional to the usage for DSE, it none the less provides a comparative 
example. Here, the ability to actually perform a risk assessment is inversely 
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proportional to the frequency with which the user conducts risk assessments and as such 
the risk of error increases the less frequent the assessment is done. Although it may be 
argued that any methodology should be designed for the "lowest common 
denominator", in this case beginners, the complexity of heat stress assessment means 
that it is reasonable to assume that people at least have some training in the area. The 
ACGIH TLVs, for example, are explicitly aimed at "trained individuals". However, it 
is recognised that training levels (competence) are varied and as such by making the 
lowest common denominator the "Occasional" user it is hoped that most users would be 
catered for. As with design decisions this is a compromise between the ideal and the 
reasonable. This description of competence, or knowledge, was at this stage of the 
project theoretical and as user input is obtained, it may be revised. 
8.3.4 Usability Methods 
Nielsen (1993) stated that each project may require a different combination of usability 
methods dependent upon the needs of the research and the time and financial constraints 
within which it is being conducted. The table below indicates that the methods used 
may often be reliant on the availability of representative users to be participants. 
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Table 53: Breakdown of the disadvantages and advantages of different 
Usability Number of Main Advantages Main Disadvantages 
Method Participants 
Heuristic None " Finds individual " Does not use real users. 
Evaluation usability. " May not find "surprises" 
" Can address expert relating to their needs. 
user issues. 
Performance 10 " Hard numbers. " Does not find individual 
Measures " Results easy to usability problems. 
compare. 
Observation 3 or more " Ecological Validity. " Appointments hard to set 
" Reveals users real up. 
tasks. " No experimental control. 
" Suggests functions 
and features. 
Interviews 5" Flexible and in-depth " Time consuming. 
probing. " Difficult to analyse and 
compare data. 
Discussion 6 to 12 per group " Spontaneous reactions " Difficult and time 
Groups and group dynamics. consuming to analyse. 
Questionnaire At least 30 " Find subjective user " Pilot work needed (to 
s preferences. prevent misunderstandings). 
" Easy to repeat. 
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Figure 29 Diagrammatic representation of usability factors 
S 
Figure 29 illustrates that the context within which the methodology needs to be 
considered. Bevan and Macleod (1994) described usability in terms on the "context of 
use components" and "the usability criteria". Here the environment, the equipment and 
the task are all the "context of use components" whilst the usability criteria are 
satisfaction, efficiency and effectiveness. In deciding the context, the potential use of a 
laboratory simulation was considered. Potential users will have as one part of their job 
the assessment of heat stress and the methodology should therefore be as easy to use 
while still providing the information that they need. Therefore the usability assessment 
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of the methodology should be carried out in real world situations so that the "context of 
use components" is met. 
8.3.5 Comparative Analysis. 
Comparing prototypes with other competing products often provides for the sort of 
results that provide for the best improvements to the prototype. This enables the 
assessor to compare user preference and product performance. Nielsen (1993) 
recommends the use of heuristic evaluations based on established usability guidelines 
and then to conduct usability trials with the prototypes. 
8.3.6 Setting of Evaluation Criteria 
Since usability is not one-dimensional, it is may be possible to identify and describe 
those criteria by which it is to be evaluated before any evaluation process takes place 
(Chapanis and Budurka, 1990). This ensures that all criteria are not given the same 
weighting and that the criteria are based upon what is important to the users and their 
tasks. However, this is somewhat more difficult to achieve than it sounds, and therefore 
the primary requirement may be to establish which criteria the product is required to out 
perform the comparative product (Nielsen, 1992). 
8.4 Task Analysis. 
8.4.1 What is Task Analysis? 
Task analysis is a term that is used to describe a range of ergonomic methods for the 
collection, interpretation and taxonomy of human performance data. Task analysis 
therefore is not specific, rigid methodology, but rather a group of methods that have 
evolved as the nature of the human tasks have evolved. Poulson et al (1996) suggests 
the use of task analysis (TA) techniques to establish the user's requirements both for 
and from a product. It provides a breakdown of the tasks from high and low level 
activities enabling the organisation of the information into a structured sequence. This 
is supported by Nielsen, who quotes work from a number of authors (including Diaper, 
1989; Fath and Bias, 1992; Garber and Granes, 1992) who states that TA is extremely 
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important for early input into the design process. TA provides a basis from which to 
explain processes to users and to identify those processes where users are not achieving 
the required goals. It is these weaknesses, in both the high and low level activities 
which themselves point to the required improvements. 
8.4.2 The Role of a Task Analysis Methodology in this 
Study 
A number of tasks analysis techniques and methods have been developed. They 
include: Hierarchical Tasks Analysis (HTA), Cognitive Task Analysis (CTA), Critical 
Incident Technique (CTI) 
A common feature of the development of task analysis techniques is that while the 
principle (i. e. identifying and linking performance to achievement of a goal) has 
remained; the methods of achieving that principle have varied. TA is normally applied 
to evaluate the whether a goal or set of goals are satisfactorily achieved. However, the 
requirements of this project will rely on the task analysis to describe the activities 
involved in conducting a heat stress risk assessment. The aim of the TA will therefore 
be to provide a breakdown of the activities and decision-making requirements required 
to perform a heat stress risk assessment to allow for the development of a process flow 
chart for the assessment of heat stress. The following framework (Shepherd, 1998) was 
adopted for the Task Analysis to meet the specific needs of this project. 
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Table 54: Framework for conducting a task analysis of heat stress risk 
assessment 
TA Framework Description Rationale 
Requirement 
Setting Goals " Identify the main work goals " To facilitate the experimental design 
associated with heat stress risk to ensure that the correct information 
assessment is sought 
Observing " Identify constraints that may " Consider aspects that may not be 
Constraints impact on the ability to meet observed (e. g. do people know how 
Setting Goals requirements to estimate metabolic rate, etc) that 
may have a confounding impact on 
the accuracy of a heat stress risk 
assessment 
Calculating " Judgement from experts in heat " Critical that the outcome of the TA 
Criticality stress risk assessment as to the is considered to be representative of 
relative importance of goals and the effective, efficient and valid 
the ability to reliability perform completion of a heat stress risk 
them assessment 
" This will include determining the 
information requirements of those 
conducting heat stress risk 
assessments 
Recording the " Provides a method for recording " Provide a breakdown of tasks for 
analysis the task analysis. Usually done review by researcher and others to 
through flow diagrams and / or validate experimental design 
tables decisions 
8.5 Discussions Groups (DGs) 
Groups of six to twelve people discuss topics of common interest in detail, with the 
view of developing solutions using the individual and common experiences of the group 
(Krueger, 1997). This is done through structured discussion, or brainstorming (Morgan, 
1988) and this important interaction is dependent on the moderation of the researcher 
around the topic that he or she has introduced into the discussion (Stewart and 
Shandansani, 1990). It is this interaction that differentiates discussion groups from 
other interview strategies and that provides it with what Millward (1995) calls a 
"controversial favour". The data produced is usually in the form of transcripts of the 
group discussions and is qualitative. 
The literature on the use of discussion groups in research concentrates on their 
application as a primary research tool in Applied Psychology and Social Sciences. 
Secondary research, such the decision-making intervention and, specifically for this 
project, identifying user requirements, are not covered. Therefore, the applications of 
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discussion groups in Psychology were investigated and, where appropriate, adapted to 
the application of the applied ergonomic requirements of this project. 
As with the other research stages in any project the first stage is to define a goal based 
upon the problem. According to Morgan (1995) and Krueger (1995), DGs are 
extremely useful for the gathering of data, the identification of problems and the setting 
of goals as the participants will conduct their conversations in an open ended manner 
thus enabling research teams (even if they have a limited knowledge of the subject area) 
to establish what their priorities are. DGs are not only a powerful technique for 
enhancing the researchers ability to answer questions, but they also enable the 
researcher to generate questions from "new angles and perspectives" (Millward, 1995). 
As such, planning is fundamental to the success of the DGs. Random sampling of the 
population to obtain participants is not necessary because their purpose is not to obtain 
"generalisable" data (Krueger). What can be done to make a practical methodology 
that will improve their ability to assess and control heat stress problems within their 
workplace. 
Table 55 Four areas of research and the stages and methods that support each (Morgan, 
1995) 
Four Basic Areas of Research 
Academic Product Evaluation Quality 
Research Planning Research Improvement 
Problem 
Generating 
Research Generating New Needs Identifying 
Identification Questions 
Product Ideas Assessment Opportunities 
Research Designs Developing New Program Planning 
Planning Products Development Intervention 
Data Collection 
Monitoring 
Customer Process Implementing 
Implementation Response Evaluation Interventions 
Data Analysis Refining Product Outcome Assessment 
Assessment or Marketing Evaluation Redesign 
One of the main aspects that define DGs is that formal hypothesis testing is not the aim 
(Millward 1995, Stewart and Shandasani, 1990). Rather, DGs are used as a self- 
contained method of collecting data and/or as a supplement to other methods. It is 
important to note that the application of DGs as a supplementary research tools is as 
dependent on the validity of its application as it is to the place it is given in the overall 
research design. It is here that the application of the DG within the research project 
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needs to be carefully planned so that the results yielded by the other data collection 
methods can be compatible with the theories being tested or the goals being sought. 
This is an important point because, as Stewart and Shandasani point out, since DGs are 
an exercise in-group dynamics, both the interaction of participants and the interpretation 
of the results must be understood within the context of the group's interaction. This 
definition therefore provides for the need to understand that a DGs consist of two 
interrelated parameters: 
" The Group Process - The interaction and communication between the 
members of the group; 
" The content of the discussion - The focal stimuli and issues arising from 
it. 
This means that the group can be analysed on 2 levels: 
0 Interpersonal - Thoughts and attitudes to the topics being discussed; 
0 Intragroup - How people communicate within the group. 
It is anticipated that the Interpersonal Level will be the level analysed as the purpose of 
the DGs will be the development of the User Requirements and the Usability of the 
prototypes. How people communicate within the group will not provide additional 
information. This is the advantage of the DG over individual interviews (Millward, 
1995) because they provide additional information as opinions are formed through the 
structured discussion process. The outcome of DG is that issues may be raised that may 
otherwise not have been considered during the design of the DG. 
According to Jordan (1998), there may be instances where the setting of a priori 
usability criteria may not be either possible or practical and as such it may be beneficial 
to enquire from the users what criteria they would accept. 
8.5.1 Advantages of Discussion Groups 
DG's can be used at any time of the design process. According to Jordan they are not 
particularly good methods for obtaining quantitative data. Therefore it was decided that 
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where possible, and without affecting the groups dynamics, additional methods of data 
collection would be used to obtain quantitative data that may be of interest to the study 
(e. g. Questionnaire, role play etc). 
Although DG's are excellent for establishing user requirements, they may not 
necessarily involve the users in a hand's on way (Jordan, 1998). Therefore, the use of 
workshops was investigated. Workshops provide a direct method for enabling user 
participation. Jordan seems to distinguish the two methods from each other it was felt 
that for this project an amalgamation of practical investigation methods within the 
framework of a structured group discussion could be used. To this end, although the 
overall philosophy of discussion groups and workshops were adopted, the format of the 
structured discussion groups was decided by; 
0 The participants; 
0 The Life cycle stage; 
9 The information requirements; 
0 The need to involve the participants and not allow them to get bored; 
" To obtain as much information as possible from the participants in one 
session/sitting/group. 
The final point was extremely important because due to the lack of user responses to the 
questionnaires, the discussion groups would need to cover more areas than may be 
covered in a typical discussion group session. An example of this was that three of the 
discussion groups sessions lasted for between four and six hours, whereas DGs usually 
only last for 1 to 1'/2 hours. 
When preparing for the DGs there are several considerations, including who will 
participate, what questions will be asked, where will the discussions be held, and who 
will conduct the sessions? Once this has been established it was necessary to develop a 
discussion guide. The discussion guide should contain the questions that will be asked 
to participants during the discussion sessions and approximately 10 to 15 questions 
should be used. There were two elements to be considered when drafting the guide 
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(Krueger, 1995). Firstly, identifying who to obtain information from and secondly, 
what type of information was to be obtained. The information is normally derived from 
transcripts of the discussions held during each session. However this will be 
complemented for this research with questionnaires, record sheets and user trials of the 
methodology prototype. 
It is generally recognised that when developing the questions that all discussion groups 
should follow the same discussion guide. A question such as "Who benefits the most 
from the methodology? " could receive different responses depending on whether the 
participants are users, or non-users. By using a general format for each question, it 
allows the analyst to make comparisons between the responses of the various groups. 
However, in this study the information requirements from each participant category may 
be different and as a result the structure and questions for each group category may 
vary. The structure therefore, of each discussion group category may need to undergo 
iterative changes following the previous DG. It is envisaged that the DGs will provide a 
suitable research method for the Design and Development Stages of the Life Cycle. 
Table 56: Adaptation of Research Methods and Areas from Morgan (1998 
Stage of Discussion Lifecycle Adapted Discussion Group Methods Group Research Stage 
3 " 
Generating Research Questions 
" Needs Assessment of users 
Problem Identification " Generating ideas for assessment method 
4 " Identify changes that need to be made to 
methodology 
3 " Research Designs 
Planning " Developing new methodology 
" Develop Usability Matrices 
3 " Data Collection of subject's requirements and functional specification 
Implementation " 
Data collection about process requirements 
4 " Data 
Collection 
" Implementing methodology 
" Monitoring User Responses 
3 " Analysis of Requirement's Data 
" Analysis of Usability Data 
Assessment 4 " Methodology assessment Usability and Performance 
" Analysis of User recommendations 
During this study, a series of DGs will be conducted to obtain information regarding: 
" The characteristics of those representative users that would apply a heat 
stress methodology as part of their risk assessment strategy, 
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0 The problems they may currently face when assessing heat stress. 
8.6 Methods 
Corresponding to the aims above, the following methods were used: 
1. Usability of ISO 7933 
2. Literature Review; 
3. Informal interviews and questionnaires with participants at occupational 
hygiene conferences; 
4. Hierarchical Task Analysis of the relevant heat stress standards; 
5. Heat Stress Assessment in a Paper Mill. 
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Chapter 9 Risk Assessment & Management 
Considerations 
9.1 Introduction 
The development of a practical heat stress assessment methodology requires that not 
only are the heat stress issues considered, but that the role such a methodology may play 
in the overall risk management and assessment process is understood. To this end, a 
detailed review was conducted on risk assessment and risk management literature and 
appropriate principles have been adapted to meet the very specific requirements of not 
only this project but heat stress assessment as a whole. Primarily though, this has been 
done from a user-oriented approach and not from an industry or risk specific perspective 
in order to better understand how health and safety professionals, occupational 
hygienists etc. may tackle a general risk assessment, what their expectations may be, 
and what their training tends to cover. This will provide a benchmark by which the 
current processes of heat stress risk assessment are compared to identify if there are any 
areas where current heat stress risk assessment strategies do not meet those of generic 
risk assessment procedures. 
9.2 The Process of Risk Assessment 
"In many countries the requirement to provide a safe environment is a requirement by 
law" (Osborne and Gruneberg, 1983). The UK is no different, where there is legal 
requirement for companies to identify hazards and to evaluate the risks that these 
hazards impose. To comply with current health and safety legislation, employers and 
the self-employed are required by Regulation 3 of the Management of Health and Safety 
at Work Regulations 1992 to carry out a risk assessment to identify the measures they 
need to take. 
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9.2.1 Hazards and Risks 
The most common definition for a hazard describes something that has "the potential to 
cause harm" while a risk is "the likelihood of that the harm will be realised'. HSE 
(1991) provides the well-published equation for estimating risk where hazards are 
scored based on severity and probability, 
Risk = hazard severity x likelihood of occurrence Equation 10 
Everley (1994) added to this equation by multiplying risk by a number that represents 
the number of people who may be exposed to the risk. Recently though this definition 
has been considered to be somewhat restrictive and an alternative has been provided by 
Covello and Merkhofer (nd) where; "Risk. A characteristic of a situation or action 
wherein two or more outcomes are possible, the particular outcome that will occur is 
unknown, and at least one of the possibilities is undesired. " 
Although this appears to be a somewhat cumbersome definition, it highlights an 
important principle. Risk is a two dimensional concept where one of two possible 
options may be found: 
" "The possibility of an adverse outcome 
" Uncertainty over the occurrence, timing or magnitude of that adverse 
outcome. " 
A risk exists therefore, if there is uncertainty about the risk. Risk therefore is something 
that is both uncertain and undesired. The traditional definition of risk as the product of 
occurrence probability and consequence magnitude is relatively simple to define when 
one considers the cause-and-effect of single parameter hazards such as chemicals, noise 
etc. The risk of heat stress is extremely difficult to define due to the interaction of the 
six basic parameters. Added to this, the interpersonal differences in physiological 
responses further complicate the risk estimation. 
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9.2.2 ISO definition of heat stress 
A formal definition of heat stress is defined by the standards as "heat stress to which a 
person exposed to a hot environment is subjected, in particular, is dependent upon the 
production of heat inside the body as a result of physical activity and the characteristics 
of the environment governing heat transfer between the atmosphere and the body. " 
Although this report refers to International Standards, where a standard has been ratified 
as a British Standard, the standard's reference number is provided in brackets. 
9.2.3 Definition of Heat Stress Risk Assessment 
Methodology 
From this definition the following definition for a Heat Stress Risk Assessment 
Methodology was developed: 
Heat Stress Risk Assessment Methodology: "A self-contained, systematic procedure, 
which in part, or full, achieves the goals of the specified heat stress risk assessment. " 
9.2.4 HSE Five Steps to Risk Assessment 
The Health and Safety Executive (HSE) has produced a "Five Steps to Risk 
Assessment" procedure that provides an easy to use, practical approach to risk 
assessment. The five steps are: 
0 STEP 1: Look for the hazards; 
" STEP 2: Decide who might be harmed and how; 
0 STEP 3: Evaluate the risks and decide whether the existing precautions 
are adequate or whether more should be done; 
" STEP 4: Record your findings; 
0 STEP 5: Review your assessment and revise it if necessary. 
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Therefore the methodology developed for this project must meet the overall strategy of 
the "five steps" approach. 
9.2.5 Decision Making Sequence 
According to Glendon (1987) there are three main areas in human error that may lead to 
a system failure (when health and safety is viewed as a system): 
0 Cognition: This includes areas such as the perception of hazard and of 
risk, the ability to label hazards and risks, the development and learning 
processes involved and ascribing responsibility, cause and blame; 
0 Behaviour: How people respond to hazards, cause accidents, make errors 
and correct their behaviour as a result of those errors. This author 
however would add "the macho factor" where the worker is not willing to 
admit that they may be experiencing discomfort or stress; 
0 Environment: Valid indicators of the risk associated to hazard exposure, 
the culture of safety, training and education and communication. 
The training objectives for both the individual and the organisation should follow a 
specific decision making sequence according to Glendon (1995). This is an important 
consideration for this project as it may dictate how any practical methodology may be 
implemented. His approach has been adapted specifically for application in 
environments where workers may be at risk to heat stress, and is discussed in further 
detail in Section Chapter 13 on Page 249 
9.3 Informal exploratory interviews. 
9.3.1 Method 
A poster presentation entitled "Heat Stress in British Industry: A usable and practical 
assessment methodology" was presented at the BOHS Annual Conference 1998, at the 
Institute of Education, Russell Square, London. The author conducted informal 
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interviews with attendees of the conference who stopped to read the poster. 38 
attendees stopped to view the poster presentation. The following is a breakdown of the 
brief notes that the author made following talking to attendees (interviewee). 
9.3.2 Results - Informal Interviews 
Heat Stress Risk Assessment and Indices 
0 18 people reported previous or recent experience of heat stress in their 
workplace. Not all the interviewees were from the United Kingdom, (four 
from Australia, one from Iran, two from the Gulf, one from Japan) 
" They were all aware of Bedlings and Hatch's Heat Stress Index (HSI). 
" All had experience of the WBGT index or the ACGIH TLVs. 
" Only 4 knew about the SWreq and only 1 of the 4 had used the SWreq 
index, with the other three not using it as they felt it was too complicated. 
9 All 4 however, knew that SWreq should be applied if WBGT values are 
exceeded. 
0 Confidence in the WBGT standard was expressed by all the interviewees 
although the limitations of the WBGT index were acknowledged. 
SWreq as a control tool of heat stress conditions. 
0 None of the 4 interviewees who knew of the SWreq index knew that it 
could be applied to investigate if changes to the environmental, clothing 
and/or working parameters as part of their control strategy could be 
suitable. 
" All the interviewees expressed an interest in an index that could be used 
in such a manner. 
" None had used the WBGT in this way either. 
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Heat stress experiences. 
0 The interviewees did not feel that there was a high incidence of heat stress 
in industry, although they did qualify this by stating that this was based 
upon their own individual experiences. 
Some of the interviewees who had assessed hot working environments 
had had some difficulties assessing the risk of heat stress. 
0 All interviewees said that additional information was needed. 
0 From their descriptions of anecdotal stories of their experiences assessing 
heat stress, the following points have been established: 
Measurement of body temperature 
0 Eleven of the interviewees expressed confusion over the use of 38°C as a 
limiting criteria for core temperature. They had experienced aural 
temperatures in excess of 38°C (with 3 interviewees obtaining measures 
above 45°C) with workers showing signs of thermal discomfort, but not 
thermal strain or stress. After a brief conversation about the techniques 
they had employed the author identified that they had been measuring 
body temperature incorrectly. 
Aural Temperature: Four of the interviewees had not insulated the auditory 
canal from the external environment and as such the environment had 
contaminated their measure. The method that they had adopted had 
been as a result of following the instructions from the manufacturers 
of aural temperature measuring devices. None had read ISO 9886 
(1992) Evaluation of thermal strain by physiological measurements. 
Tympanic Temperature: Six of the interviewees had used commercially 
bought infrared thermistors to measure tympanic temperature without 
identifying its environmental operating range. 
Oral Temperature: Six of the interviewees had used mercury in glass oral 
thermometers to measure oral temperature during and post exposure. 
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None were aware of the limitations associated with the use of this as a 
technique in warm or hot environments, or where workers have been 
breathing through their mouths. All of the interviewees had taken the 
standard 4-minute measure of oral temperature and had not allowed 
for a longer stabilisation time of oral temperature when the mouth is 
closed as recommended by Candas. 
Rectal and Oesophageal: None of the interviewees had used either rectal or 
oesophageal temperature as they felt it was too invasive. A couple of 
the interviewees said that in certain cultures the use of rectal 
temperature would not be acceptable. 
0 None of the interviewees had used radio pills to obtain body temperature. 
Measurement of skin temperature 
" Only 2 of the interviewees had measured skin temperature. Here it was 
generally felt that the equipment needed would be too complicated to use 
and they were unfamiliar with how to interpret the information they 
would receive. Those interviewees that had measured body temperature 
had done so because they felt it was more important than skin temperature 
because it gave them a measure of they could associate with risk. 
Measurement of metabolic rate 
" None of the interviewees had ever measured metabolic rate as part of a 
risk assessment; 
" One interviewee had, on occasion, called in an expert to measure the 
metabolic rate of the workers. The results, the interviewee said, were 
discarded because there was a large variation in the measures, both 
between measurements of different workers doing the same work and 
between different measures of the same worker. 
Estimation of metabolic rate 
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" Only 12 of the interviewees questioned had estimated metabolic rate. 
They had all used the table presented in the WBGT or ACGIH TLVs. 
" All the interviewees also expressed a view that they had found the process 
very difficult and that they did not have confidence in the figures that they 
had arrived at. 
9.3.3 Discussion 
Very few of the interviewees have experience or knowledge of the SWYeq index, yet they 
all were aware of the HSI index. This would suggest that the training of occupational 
hygienists does not incorporate the SWreq index as an accepted approach to the 
assessment of heat stress in industry. This may be due to the fact that the standard is 
relatively new (published in 1989), compared with the WBGT or ACGIH TLVs which 
are well established. There is obviously a need for an index that can be used to 
investigate possible control approaches to aid occupational hygienists in the task of 
control strategy identification and implementation. It would seem therefore that if the 
validity of the standard can be improved and the envelope of its application clearly 
established to improve the confidence in its predictive capabilities in those people of 
influence within the BOHS, it may be more widely used and accepted as a heat stress 
index. 
The benefit of using an index in this way would obviously provide the occupational 
hygienists with a valuable tool which not only tells them whether or not they have a 
problem, but how different solutions may help control the risk of heat stress if it is 
identified. There is a poor level of understanding of how to correctly and accurately 
measure and interpret the physiological responses of workers in hot environments. This 
is clearly indicated in the magnitude of errors that were made when measuring body 
temperature. Furthermore it brings into question the setting of limits that have been 
established scientifically when those people who are meant to interpret these limits do 
not query their techniques when these limits are exceeded by such high levels as those 
recorded (e. g. 45 °C). 
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9.3.4 Conclusions 
1. Few of the interviewees had experience of ISO 7933 and those that had 
found it difficult to use. 
2. All the interviewees were aware of the HSI and WBGT indices. 
3. There is both a need and an interest in a methodology that allows for control 
options to be identified, evaluated and implemented. 
4. There is also a need to either better promote the standard (such as ISO 9886) 
or to provide a guidance document which includes all the relevant 
information. 
5. All interviewees said that additional information was needed as they found 
the heat stress assessment process complicated. 
9.4 Hierarchical Task Analysis (HTA) of Heat Stress 
Standards. 
The HTA was conducted to identify if there were any areas where heat stress standards 
(circa 1996) did not support the tasks that would ordinarily be performed as part of a 
heat stress risk assessment. This also provided for a comparison of how the process 
differs from the 5 Step Risk Assessment strategy prescribed by the HSE. The HTA has 
been simplified for this report to provide the following process diagram of how the 
standards may be applied and is presented in Figure 30. 
9.4.1 HTA Findings 
The format and sequence of the standards is such that the user is required to go directly 
into the measurement of the physical environment. None of the standards required of 
the user to conduct the first stage of requirement of all other risk assessments: 
Identifying the Hazard. This raises a number of problems in that it does not follow the 
risk assessment problem solving sequence or "steps" that users are familiar with from 
using other established risk assessment approaches. Thus, the risk assessment process as 
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described in the standards did not conform to user expectation, user knowledge of risk 
assessment, transfer of knowledge from one risk assessment to another, and probably 
most importantly to the tried and tested sequence of appropriate risk assessment 
strategies. Furthermore, the standards appear somewhat complicated and where flow 
diagrams are used, they explain a theoretical process and not the actual practical process 
that the user is expected to follow. The underlying structure however was there, with 
the umbrella document (ISO 11399) providing a overview of the different thermal 
standards. 
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ISO 11399. Umbrella Document that tells users what 
standards to use for assessing heat stress 
Identify Hazards 
ISO 7720. Describes 
the units used in this 
series of standards 
BS EN ISO 27726. Provides 
the specification for the 
equipment to be used to 
measure the thermal 
environment 
BS EN ISO 28996. Describes how 
to estimate and/or measure 
metabolic rate 
BS EN ISO 29920. 
Describes clothing? 
ISO 10551. Describes how 
to take subjective 
measurements 
ISO 7243. 
WBGT index 
ISO 7933. 
SWreq index 
ISO 9886. Describes the physiological 
measures that can be taken 
Figure 30 A simplified process diagram of using current heat stress standards as of 1996 to 
conduct a heat stress risk assessment. The "burst" shape shows where an observation method to 
identify the hazards may be introduced 
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Chapter 10 Usability of ISO 7933 (SWreq) 
10.1 Introduction 
This chapter describes the heuristic (expert) evaluation of the usability of ISO 7933 
SWrcq (1989), The standard and the accompanying computer program were evaluated 
against usability criteria and the functionality of both indices evaluated. As part of 
planning for the validity study described in Chapter 7. The SW«q index was used a 
priori to ensure experimental conditions did not lead to an unacceptable thermal strain. 
Usability is the degree to which representative users of a product or a system can 
achieve specific goals in a particular environment. The criteria used to assess the 
usability of a product include: 
0 Effectiveness: Measures the accuracy and the completeness of the goals 
achieved 
0 Efficiency: Measures the resources (e. g. time, human effort) necessary 
to achieve the specified goals 
0 Satisfaction: Measures the subjective acceptability physical comfort of 
the product to the users and other people affected by its use. 
Ergonomics principles should by applied throughout a product or systems life-cycle 
with usability providing a central determinant (Mayhew, 1999). Usability testing may 
comprise one or more formats Jefferies et al (1991): 
" Heuristic evaluation 
0 Questionnaires 
0 Usability trials 
0 Physical walk-throughs 
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" Cognitive walk-throughs 
10.2 Heuristic Analysis 
According to Nielsen and Molich (1990), heuristic evaluation is an "informal" method 
that uses a specialist in ergonomics (or usability) to judge whether the product or system 
follows established usability principles. It has been shown to identify more of the 
serious problems and is more cost effective than using formal user trials (Jefferies et al., 
1991; Nielsen, 1992 and Smilowitz et al, 1994). It also provides a rapid method for 
`fault" diagnosis and prescriptive analysis (Jordan, 1998). Conversely however, it may 
be considered over- reliant on the evaluators "expertise" and may uncover a large 
number of low priority problems. It also does not provide an empirical evidence to 
show that any of the usability issues will actually affect the use of the system or 
product. That said, heuristic evaluations are favoured when a lack of resources, 
knowledge, time or suitable representative users may make formal trials more 
challenging (Nielsen and Molich, 1990). If optimised, heuristic approaches have been 
shown to be equally effective to empirical methods in improving design (Nielsen and 
Mack, 1994). 
10.3 Usability Criteria 
The heuristic evaluation of the usability of ISO 7933 was concerned with three areas: 
0 The usability of the ISO 7933 standard as it appears in the standard ( 
0 The usability of the ISO 7933 program 
0 The usability of the program for practically evaluating. 
The following heuristic usability-criteria taken from the literature and adapted for this 
study: 
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Simplicity To reduce, and where possible avoid, confusion the interface 
(paper or computer) or process (risk assessment) should be as simple and 
as intuitive as possible; 
" Structure To reduce complexity, aid in decision making and information 
extraction, the interface/process should follow a logical structure and 
where possible conform to the user's expectations; 
0 Compatibility The interface/process should meet with the user's 
expectations, their experience of other heat stress indices and their 
knowledge of heat stress and its assessment. They should be able to 
easily apply the standard within the framework of standards in which it 
has been written. An additional consideration is that any heat stress 
assessment methodology will be used within the wider context of 
occupational risk assessment; 
0 Control Here the level of control that the user has over the 
interface/process is important as humans do not like to lose their locus of 
control; 
0 Adaptation The interface/model/process should be adaptable to meet the 
requirements of users (i. e. can it be easily reprogrammed etc. ) in the 
different work environments in which it may be used; 
0 Consistency This is vital to help reduce errors and cognitive load. The 
structure and the content should be consistent. 
0 Speak User's Language - Language should be of a type that the user 
understands; 
0 Adequate information - Adequate information should be provided to 
enable the user to use the standard without having to refer to other sources 
or other standards. 
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10.4 ISO 7933 (SWreq) Usability 
10.4.1 The SWreq Standard 
Results 
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Conclusions 
25 main usability problems were identified: 
0 Simplicity: 10 times 
0 Structure: 7 times 
0 Compatibility: Once 
0 Consistency: 6 times 
0 Speak User's Language: 9 times 
0 Provide adequate information: 12 times 
9 Minimise user memory load: 7 times 
1. The user is required to move from one section to the other; 
2. Considering the user population, the standard is unnecessarily scientific and 
may not encourage users to use it. 
3. This standard can only be used as a computer program and as such, much of 
the information provided in the body of the standard is superfluous to the 
users' requirements. Furthermore, it is unlikely that ergonomists and/or 
occupational hygiene practitioners would ; 
4. The format and the information provided does not satisfy the requirements of 
ergonomics standards as set out by Branton (1985) who stated that they are 
developed for the end user. 
5. Although this format may be useful for understanding the underlying 
principles on which the model is based, the standard and the users would be 
better served if the mathematics of the index were provided as an annex at 
the rear of the standard. 
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6. The flow diagram D. 3 should be simplified and presented at the front of the 
standard to explain to the users what their decision process should be. This 
decision process should then be explained in simple language in a sequential 
format that follows the required decision process, along with detailed 
explanations where needed. A checklist that also served as a method of 
record keeping would aid this. 
7. Scenarios should also present the results of the scenario when using the 
WBGT index so that users can see where the SWr could follow on from the 
WBGT index and how information used in the WBGT may be used in SWreq 
(e. g. clothing insulation, metabolic rate estimations, wet bulb temperature 
etc. ) 
8. No scenarios are provided to enable the users to validate the model if they 
have changed the mean skin temperature to 36°C. 
10.4.2 ISO Usability - SWreq Program 
Results of ISO Usability -Program 
The programme listing provided in BASIC was implemented into a computer. 
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Conclusions 
Eleven main usability problems were identified: 
" Simplicity: 8 times 
0 Structure: Twice 
Control: 7 times 
0 Adaptability: 7 times 
0 Consistency: 4 times 
9 Provide adequate information: 5 times 
" Minimise user memory load: 3 times 
1. It is imperative that any risk assessment method, whether it be for the 
assessment of heat stress or any other risk, should be designed and 
developed with the assumption that the users may have little or no training 
and knowledge in both the area that they are assessing and the methods used 
to assess these risks. 
2. As such therefore, it would be inconceivable that users of ISO 7933 would 
be able to apply the methodology with the amount of information provided 
unless they had training and/or experience of conducting heat stress 
assessments. 
3. This is further complicated by the need for users to input the program 
themselves and, for situations where clothing insulation is greater than 
0.6clo, to alter mean skin temperature to a constant 36°C. This, added to the 
validity problems associated with the model in warm-humid environments, 
may explain the apparent lack of usage of the standard in industry. This is 
echoed by Meyer and Rapp (1995) who feel that the development of an easy 
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to use methodology is a "major duty" for those people involved in the 
development of heat stress assessment methods. They also feel that the users 
of such a methodology need much more information. 
10.4.3 Practical Example 
Method 
Parallel to the protocol for the validity study in Study 1, the usability of the index as a 
reverse engineering tool to help users evaluate and introduce control measures was 
investigated. The experimental protocol of Study 1 (see Section 7.5 on page 101) was 
dependent on the requirements of the validity study while also meeting the requirements 
for evaluating the usability of the standard. The process by which this usability study 
protocol was established is described below: 
" The usability experiments were evaluated in pairs, where the 
environmental and clothing conditions remained the same but in the 
second of each pair the subject's work rate was reduced to provide a DLE 
that was longer than the DLE of the first. The pairs were: 
" Pair A Experiments 1 and 2; 
0 Pair B Experiments 3 and 4; 
9 Pair C Experiments 5 and 6 (See Table below). 
Table 59: Data means inputted into ISO and PHS models 
Exp t, oC 
tr 
oC 
V 
ms 1 
Pa 
kPa 
M (Est) 
Wm'Z 
Id 
CIO 
1 35 35 0.15 3.40 193 0.8 
2 35 35 0.15 3.40 177 0.8 
3 40 40 0.15 4.50 173 0.8 
4 40 40 0.15 4.50 153 0.8 
5 45 45 0.15 3.80 153 0.8 
6 45 45 0.15 3.80 87 0.8 
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Note: Experiments 1 to 6 were a stepping task wearing a boiler suit. 
This provided the following scenario for each pair of experiments: 
" The environment in the chamber represents a working environment with 
the worker wearing coveralls and working at a constant work rate; 
0A potential user needs to investigate how much longer the worker can 
remain in that environment if they work at a slower rate (lower metabolic 
rate) while all other parameters are kept constant; 
0 The user therefore reduces the work rate input (this was selected 
arbitrarily a priori) and obtains a new DLE for that work rate input; 
0 Therefore the second experiment in each pair investigates not only 
whether the new DLE is valid, but also provides for the evaluation of the 
usability of using the ISO model for implementing controls. 
Results - Practical Example 
"A computer is needed to use the SW q index which may limit its use; 
0 The model does not allow for the comparison of data from different input 
sequences. The results need to be recorded manually in order for a 
comparison to be made. This supports the findings of Hanson and 
Graveling (1997) who state that this may limit its use in evaluating 
control measures; 
" The user needs to estimate metabolic rate which is well documented to be 
unreliable; 
0 Using the danger criteria, it was not possible to estimate the number of 
subjects who would not be protected by the index. This also supports the 
findings of Kampmann and Pierkarski (1995) who also questioned the 
meaningfulness of the alarm and danger criteria to users. 
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0 In all conditions the clothing insulation values exceeded 0.6 clo and the 
mean skin temperature had to be changed to 36°C. It is unlikely that most 
users would have been able to do this unless they had a basic knowledge 
of BASIC programming. 
10.4.4 Conclusions of Heuristic Evaluation of ISO 7933 
(SWreq) 
ISO 7933 does not meet the usability criteria described in this evaluation. The 
following problems were identified: 
1. The standard does not speak the users' language and is not simple to use. 
The standard should use words, phrases, and concepts familiar to the user. 
Scientific "jargon" should be in the Appendices and not in the body of the 
standard. 
2. The standard is not consistent. 
It should present information in a natural and logical order and should 
indicate similar concepts through identical terminology and graphics. 
Ergonomic conventions for layout, formatting, structure etc. should be 
adhered to. 
3. The standard does not minimize the users' memory load. 
Efforts should be taken to maximise recognition rather than recall. 
Users should not be required to remember key information across the 
different sections of the standard. 
4. The computer program does not afford the user sufficient control. 
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Flexibility and efficient navigation and help systems should be maximised 
to accommodate a range of user ability, knowledge and diverse user 
goals. 
Navigation aids would also make it easy for the user to return to different 
stages of the calculation (such as inputs or interpretations). 
Instructions should be provided where useful. 
The interface layout should be arranged so that spatial differences and 
presentation enable rapid and frequently accessed information to be 
easily found and interpreted. 
Information (such as the calculations), which is irrelevant and distracting 
and should be eliminated. 
5. Adaptability and compatibility would be improved if data could be saved to 
a format such as ASCII files which users could access using different types 
of spreadsheet software. 
6. Flexibility and adaptability of the program would be enhanced by additional 
code to be automatically used when clo > 0.6 for tsk = 36°C. 
7. The usability of the standard would also be improved by providing all the 
relevant data in the standard so that users are not required to access multiple 
standards to complete a single assessment. 
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Chapter 11 Field Trials - Heat Stress Assessment 
in a Paper Mill 
This section describes an example of how the WBGT and the SWrcq index may be used 
in an industrial setting. The results of the assessment are provided following a 
description of the experimental protocol and results of physiological measures. 
11.1 Introduction 
The Health and Safety Executive (HSE) approached the Human Thermal Environments 
Laboratory (HTEL) to conduct a heat stress risk assessment in a Paper Mill. The study 
team was Professor K. Parsons and D. Bethea. The Paper Federation and the HSE 
Paper mill National Interest Group endorsed the assessment. The study was conducted 
in response to complaints of thermal discomfort while working in the basement of Paper 
Machine number 3 (PM3) and not as a result of any incidents in the mill relating to 
reported heat stress illness or accidents. 
11.2 Method 
11.2.1 Subject 
One male volunteer took part in the study. He was an experienced paper mill worker, 
having worked at the plant for 21 years. He was 59 years old and he estimated his 
weight as being 70 Kgs and his height as being 167 cm. The subject was notified that 
he could withdraw from the study at any time, and following a description of the 
experiment and the measures to be taken, he provided informed consent and completed 
a medical questionnaire. 
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11.2.2 Apparatus 
Environmental Measurements 
Wet bulb globe temperature (WBG7), air velocity and humidity were measured on 
equipment conforming to the specifications as described in ISO 7726 and ISO 7243. 
All data was measured and stored on an Eltek 1000 Series Squirrel Data Meter/Logger 
at one-minute interval. 
Physiological Measurements 
To record the subject's responses to the thermal environment a number of physiological 
measurements were taken at one-minute intervals. All measures conformed to the 
requirements stipulated in ISO 9886. The measures taken were aural and skin 
temperature and heart rate. 
Calibration of measuring equipment 
All equipment was calibrated pre and post study in the facilities at HTEL. 
11.2.3 Procedure 
The purpose of the study and the methods involved were explained to the line manager, 
the Union representative and the volunteer. All parties agreed to the procedures and 
once the subject had provided informed consent he was instrumented for taking 
physiological measures. Environmental measurements were taken at abdomen height 
within 2 metres of the area where the worker conducted most of his tasks within the 
basement. No measures were taken on the forklift truck or the area outside of the 
basement area of PM3. The physiological measures were taken for the duration of the 
study and recorded at 1-minute intervals throughout the assessment. Additional 
recordings were taken of the time it took the worker to conduct his tasks, along with any 
incidents that occurred, such as paper breaks etc. Visual recordings of the workplace 
and the nature of the work were made using a digital camera and video camera. The 
study team did not involve themselves in any way with the work the subject was 
performing and the worker did not perform any tasks other than those expected as part 
of his every day duties. 
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The physiological measures continued during the subject's lunch break. The study was 
terminated at the subject's request. 
Figure 31 Sequence of stills showing activity of employee clearing paper break debris from 
basement area beneath 
11.3 Results 
The results of the environmental and the physiological measurements are presented. 
The assessment of the basement is then presented using the WBGT index. 
11.3.1 Environmental Measures 
WBGT Measures 
All data presented is for the periods once the black globe thermometer had reach 
equilibrium (after 30 minutes). 
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Figure 32 Line graph showing the WBGT values measured at abdomen height in the basement at 
the Paper Mill. The dotted lines show the hour that provided the highest WGBT value for the 
duration of the measurements. 
Table 60: The descriptive statistics for the WBGT values measured at abdomen height 
in the basement at the Pap er Mill. 
Dry Bulb Globe Wet Bulb 
Temperature WBGT Value Temperature Temperature 
(shielded) C oC oC 
°C 
Mean 33.3 30.8 21.8 25.0 
SD 0.23 0.48 0.58 0.47 
Minimum Value 32.6 29.4 20.4 23.8 
Maximum Value 33.8 31.8 24.2 26.8 
Table 60 shows the WBGT measures in the basement at abdomen height. The three 
small peaks observed in the wet bulb temperature and the resultant peaks in the WBGT 
value correspond with moments when large amounts of hot wet paper fell into the 
basement as a result of significant paper breaks. The descriptive statistics described in 
Table 56, show that the mean WBGT value at abdomen height in the basement as being 
25°C. However the mean value for the period between the dotted lines in Figure 22 is 
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25.2 °C. According to the WBGT methodology it is this figure that should be used 
when assessing an environment. 
11.3.2 Physiological Measurements 
Heart rate, aural temperature and skin temperature were measured. From the 
temperature measures, the mean of each was calculated. 
A comparison of heart rate, mean aural temperature and mean skin 
temperature of worker in the basement at UK Paper Mill 
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Figure 33 Line graph showing the relationship between mean aural temperature, mean skin 
temperature and heart rate over time. 
From Figure 33, it can be seen that under the conditions studied, heart rate closely 
mirrored the changes in both mean skin temperature and mean aural temperature. The 
peaks in both heart rate and the mean skin temperature profiles are at the same times as 
the two observed peaks in mean aural temperature. Mean skin temperature is also 
approaching 36°C at around 130 minutes. 
11.3.3 Estimating the work rate by observing the worker. 
From the heart rate profile above and from timings taken during the study the following 
graph has been produced. The work rate was separated into 2 main categories: 
0L= Loading the skip with paper in the basement. 
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0U= Unloading the skip. 
The categories are presented in Figure 34 below as blocks. The blocks show breaks that 
the subject took during the study. The first was a lunch break, while the second was at 
the end of the study. 
Figure 34 Line graph of heart rate measures taken overlaid by observed work sequences 
(L=Loading, U=Unloading. ) 
Reference lines for resting heart rate, 80% of the workers maximum heart rate under 
normal exercise conditions (80% of MAX = 129bpm, where MAX = 220-AGE) and the 
recommended maximum of 140 beats per minute for workers over 35 years old working 
in the heat (It should be noted that this is not an exact figure but provides an 
approximation value). 
A mean metabolic rate was estimated using ISO 8996 (1994). By breaking the work 
into the following components, an overall estimate of metabolic rate was achieved. (For 
further information see workings described in the standard. ) 
202 
Table 61: Breakdown of the calculation of mean metabolic rate by calculating metabolic 
rate for the different component tasks (as described in ISO 8996) 
Estimation of metabolic rate during LOADING of Skip 
From observations: Mean time spent LOADING skip: 11.5mins 
Description of activity Duration 
Metabolic 
rate 
(sec) W. m"2 
Walking in the factory interior at about 120 110 
2km/k 
Bending to pick up paper 
180 160 
Carrying paper 
210 235 
Lifting paper into skip 
180 235 
Total 
690 
194 
Average metabolic rate 
Estimation of metabolic rate during UNLOADING of skip 
From observations: Mean time spent LOADING skip 5.5mins 
Metabolic 
Description of activity Duration rate 
(sec) W. m-2 
Dragging the skip to the door 
30 260 
Driving the forklift truck 240 
120 
Walking in factory at about 2km/h 
30 110 
Pushing skip back into the basement 
30 195 
Total 
330 
139 
Average metabolic rate 
Overall Estimation of Metabolic Rate during the whole work cycle 
From observations: Mean time spent during each L and U cycle: 17 mins 
Description of activity Duration 
Metabolic " 
rate 
(sec) W. m-2 
Loading Skip 
690 194 
Unloading Skip 
330 139 
1020 
Total 
Average metabolic rate 
176 
" Mean Metabolic Rate = 179 W. m-2 
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Intrinsic insulation of clothing values (Icl). 
ISO 9920 was used to estimate the intrinsic clothing insulation values of the clothing 
worn by the worker. The result was a clo value of 0.56 clo, which was rounded up to 
provide a value of 0.6 clo. 
WBGT index 
" From the WBGT reference table (see Table 4) the reference values for a 
metabolic rate of 179 W. m Z are: 
" Acclimatised worker = 28°C 
" Unacclimatised worker = 26°C 
" The mean of the measured WBGT value was 25°C, however as discussed 
above the mean of the hour that gives the highest value should be used. 
Therefore the value to be used should be 25.2°C. 
11.3.4 Required Sweat Rate index 
The following data was entered into the SWr, q program, which is described at the back 
of the standard. 
" Air temperature (°C) = 30.8 
0 Globe temperature (°C) = 33.1 
" Wet Bulb temperature (°C) = 21.8 
" Air velocity (m. s-1) = 0.4 
" Metabolic rate (W. m-2) = 179 
0 External Work (W. m 2) =0 
Body fraction area exposed = 0.77 
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0 Clothing insulation (clo) = 0.6 
Program calculated the following environmental parameters: 
0 Mean radiant temperature = 36.4 
0 Partial vapour pressure = 2.011 
From this input data, the program predicted the following DLEs and predicted sweat 
rates (SWp). 
Table 62: ISO 7933 SWreq predictions of DLE and SWp for the basement area in the 
paper mill 
DLE SWp Reason for DLE 
(mins) (g/h) 
Unacclimatised Alarm 
300 520 Excessive water loss 
339 575 Excessive water loss Danger ýi. 
ax. äa'wuý uý. sx -n, nasax..: nri:., ý, wazaa. kä r... m.. - uisxel... r.. o. i. uvz. 
ýrr+. 
ý. watä. taeuet`«'. xi. o. u: wsrxst. Y.. 
ür. äamýa3;. ým. ä. wx;, d. tuý. i.,. cc.,, rý 
Acclimatised Alarm 
406 575 Excessive water loss 
Danger ,. 
No 1iý mý`tt'"'ý575None 
11.4 Discussion 
The results as presented in the previous section are discussed in detail below. 
11.4.1 Environmental Measures 
The basement, under the environmental and personal conditions that were measured and 
estimated during this study does not exceed the recommended WBGT reference values. 
11.4.2 Physiological Measurements 
It is evident from the graphs of the physiological data that there was an accumulation of 
stress on the subject during the periods before and after lunch. At the lunch-break the 
worker commented that he was feeling hot and therefore was stopping for work, which 
was mirrored in his heart rate and aural temperature at that time. This is a typical 
behaviour that may be observed in experienced workers who adapt their work to 
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subjective self-monitoring. Inexperienced workers may not have developed these 
patterns. A further point to consider is that if a worker is under pressure due to "down- 
time", he may not be able to behave in this self-regulatory way. It is therefore important 
that workers are made aware of the need for frequent breaks from hot environments. 
When increases in temperature in the body are observed, blood flow to the skin 
increases through the dilation of the blood vessels beneath the skin. This encourages 
the movement of heat from the blood, through the skin to the environment, thereby 
reducing the temperature of the blood returning to the heart, lungs muscles etc., where it 
is re-heated and the process continued in order to maintain core temperature. As skin 
temperature increases so the amount of heat that can be transferred per unit of blood 
will reduce linearly. As a result of this, heart rate increases in an attempt to maintain 
cardiac output while the volume of blood pumped during each beat decreases. 
The worker's heart rate was close to, or over, what would ordinarily be considered his 
aerobic threshold value and at the end of the final session that he was approaching the 
maximum of 140 bpm for working in the heat. Under these conditions and at these 
heart rates, a conflict between the thermoregulatory system and the cardiovascular 
system may arise. This complication associated with the increase in heart rate arises 
because the capacity for exercise (or work rate in an occupational setting) decreases as 
the thermoregulatory response overrides any cardiovascular need to provide blood and 
oxygen to the muscles for exercise at sub maximal work rates. This is exacerbated by 
the loss of water through sweating because large sweat losses reduce the body's water 
content (hypohydration). 
Again, during hotter months, the worker may well exceed these values and it may be 
necessary to introduce regular rest breaks. Additionally, the employment of lifting aids, 
correct lifting techniques and the introduction of a buddy system may help to further 
reduce the worker's metabolic heat production. Reducing the worker's metabolic rate 
would decrease their metabolic heat production that in turn would provide a lower deep 
body temperature. 
11.4.3 Estimating the work rate by observing the worker 
The method used to estimate the metabolic rate of about 15% could be expected. This 
error would still keep the worker in a work class that would be considered "moderate". 
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11.4.4 Intrinsic insulation of clothing values (Icl). 
The clo value of 0.6 clo estimated as worn by the worker does not exceed the clo values 
that lead to the development of the WBGT. Therefore no reductions to the WBGT 
reference value are required. 
11.4.5 Heat Stress Indices 
WBGT Index 
The basement, under those environmental and personal conditions that were measured 
and estimated during this study, does not exceed the recommended WBGT values. The 
observed mean value for the hottest hour was 25.2°C. The WBGT method requires the 
user to make a distinction between acclimatised and unacclimatised workers. However, 
best practice in industry suggests that it is safest to assume that all workers are 
unacclimatised. Therefore, it is recommended that the WBGT value be adopted as 
26°C. Since the observed mean value and the limit value suggested by the standard are 
with 1°C of each other, it may be necessary for further measurements to be taken during 
hotter months when it is anticipated that this value will be exceeded. 
SWreq index 
Although the WBGT reference values were not exceeded they were sufficiently close to 
the observed values that it was decided to use the SW1,, q index to evaluate the risk of the 
worker suffering from heat stress. The interpretation of the input values gave DLEs 
greater than 300mins, which is less time than time between breaks observed on the day 
even though the WBGT reference values were not exceeded. This supports the findings 
of Kähkönen et al (1992) and Peters (1991). One problem though with the SWtcq model 
is that it is very sensitive to the metabolic rate input value and the DLE may vary 
greatly depending on the value obtained for the estimation of metabolic rate. However, 
an important point here was the fact that excessive water loss was the limiting factor 
and not an excessive increase in deep body temperature. This suggests that workers 
must be encouraged to drink water regularly throughout their shift with a minimum 
suggested amount of 500 ml (about a pint) per hour during the shift. Care should also 
be taken to make the workers aware of the dangers of diuretics such as caffeine-based 
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products (tea and coffee) and alcohol when working in an environment that may cause 
excessive water loss through sweating. The DLEs and SWp should only be used as 
guidelines and common sense should prevail. (If a worker is feeling hot, they should be 
able to rest. ) 
Other observations 
The worker was sweating profusely during the observation period. Although drinking 
facilities are provided on the main factory floor, the worker did not take a drink break 
during either work period. Dehydration may be a problem under these conditions and 
the worker should be encouraged to take regular breaks during his shift. Introducing 
water stations at or near the basement area could facilitate this. 
11.5 Conclusions 
1. The mean WBGT value measured at the front of the basement for the hottest 
hour was 25.2°C. 
2. The intrinsic clothing insulation of the clothing was estimated as 0.6clo. 
3. The estimated metabolic rate for a worker clearing paper from the basement 
was 179W. m-2 
4. The WBGT references value for a metabolic rate for unacclimatised worker 
working at a work rate of 179W. m-2 as described in the standard ISO 7243 
is 26°C. This reference value was not exceeded under the conditions 
studied. However the study was conducted during October and therefore 
during hotter summer months this reference value will almost certainly be 
exceeded. Therefore a more detailed assessment using the Required Sweat 
Rate index is recommended. 
5. The SWreq index suggested that the workers might be prone to excessive 
fluid loss. Fluid replacement strategies are therefore recommended that 
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encourage the worker to drink a minimum of a pint of water pre hour spent 
in the basement area. 
6. The worker was working at or above their normal anaerobic threshold heart 
rate and just below the absolute maximum for working in the heat. This 
would provide unnecessary additional stress and the worker should be 
monitored. Two possible solutions are recommended: 1) Heart rate should 
not exceed 120bpm, thus allowing for a possible 20bpm variation between 
individuals at the 140bpm threshold. 2) Further monitoring of the worker 
performing the task in a neutral environment would enable the establishment 
of how much the thermal strain is causing heart rate to increase (usually an 
increase of 1°C =a 30bpm increase). The threshold could therefore be set at 
heart rate at neutral plus 30bpm (if this is lower than 120bpm). 
7. It is recommended that a buddy system or improved lifting techniques and 
the use of lifting aids should be introduced to reduce the overall stress 
experienced by the worker. 
The overall findings are that although the worker was not showing any direct signs of 
heat stress, that the interpretation of the combined physiological responses suggests that 
he was on the threshold of suffering from mild heat stress. 
11.6 CONCLUSIONS OF STAGE 1- 
Exploratory Stage 
The exploratory stage provided the necessary background and practical knowledge of 
the process of conducting heat stress risk assessments based on the information and 
structure provided by the relevant international standards. 
1. The process of conducting a heat stress risk assessment is complicated 
because of the need to consider the 6 basic parameters. Discrepancies may 
occur between the WBGT and the SWreq predictions. 
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2. The complexity of current standards (specifically ISO 7933) seems to negate 
its use in industry. This was shown by the interest of the interviewees in an 
index that aided the investigation, evaluation and implementation of 
controls, which ISO 7933 allows through the entering of input different 
environmental and personal values. Although it should be remembers that 
ISO 7933 is not a risk assessment. 
3. Current heat stress risk assessment methodologies and standards do not 
follow the well-established format of risk assessment. No HAZARD 
Identification stage is provided in the standards. There appears to be a need 
for such a method so as to be consistent with other hazard risk assessments. 
210 
Chapter 12 STAGE 4: Design & Development 
Stage 
12.1 Summary 
There are a number of appropriate heat stress indices and standards. Occupational 
hygienists and other health and safety professionals can use these methods to assess hot 
working environments and implement the appropriate control strategies. An overall 
strategy for the assessment of heat stress has been developed from these standards and 
from the existing requirements for generic risk assessment procedures. This section will 
discuss the design and development of a practical heat stress assessment methodology. 
12.2 Rating and Ranking Methods for Risk 
Assessment 
"Determining the relative importance of risks is an important element in risk assessment 
that identifies high risk areas which will demand a greater proportion of resources, both 
in the level of maintenance and control measures. Rating or ranking risks in relative 
importance can contribute to establishing risk control priorities" (HSE, 1991) 
The complexity of the interaction between the human and their thermal environment 
makes the traditional approach of quantitatively estimating risk (i. e. exposure, 
consequence etc) very difficult. As shown, at international level at least, we have not 
achieved this yet. That said, there should be an expectation that any thermal risk 
assessment should at least follow standard procedures (e. g. five levels to risk 
assessment). This would ensure that performance metrics such user expectation, 
transfer of knowledge and time to learn the method would all be improved. Thus a 
literature review of subjective rating and ranking methods in risk assessment was 
conducted. This would provide the rationale behind any design decisions that may be 
made. 
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12.3 Development of argument logic 
Risk assessment methods differ significantly dependent on whether quantitative or 
qualitative criteria have been set. It is this choice of perspective (quantitative vs. 
qualitative) that determines both the meaning of the probability/scores values and the 
interpretation of them. Therefore any qualitative values needed to be justified to ensure 
that they accurately reflected the probability of risk. These ratings or ranks also needed 
to be in a format that the users would be able to understand and interpret. 
The interaction of the six basic parameters, the health status and state of acclimation of 
the individual determine their physiological responses to their environment. Thus the 
use of quantitative data is necessary to develop a qualitative methodology that is valid 
across any number of possible occupational situations. 
12.3.1 Role of quantitative data in a qualitative risk 
assessment 
Sullivan et al (1996) cite work by various authors to explain the use of "categorical 
exposure indices", which have the advantage of assuming there is no specific or 
quantifiable relationship between the exposure and the response. Although this 
categorical strategy is statistical, it provides a possible philosophy whereby each of the 
thermal parameters are categorised and rated according to how differing levels/values of 
each may contribute to heat stress without providing a quantitative "cut point" for this. 
By describing the environment, the clothing, the work rate, the worker's state of 
acclimation and their health status as sequential categories with increasing magnitude of 
effect on heat stress, the user may be able to provide a risk-based measure. An example 
of an observation based risk assessment technique is found in the nuclear industry. "In- 
service Inspection" (ISI) strategies which rely on visual inspections and condition 
monitoring to obtain a risk-based estimation of equipment failure enable the user to 
identify failure risks in terms of failure probabilities and rates (Balkey et al, 1998). A 
fundamental requirement of this strategy is that the user is required to make judgements 
of probabilities of failure occurring on plant equipment through the observation of 
component parts such as welds, pipes etc. The ISI strategy is not directly transferable to 
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the assessment of heat stress. But there are processes that, if adapted, may provide 
foundations for the heat stress observation-checklist. 
For example it maybe possible to provide an overall score for the risk of heat stress 
based on the contribution that each parameter may provide through the rating score it is 
given. It may also allow the user to identify where reductions in the risk can be made. 
This may be done for each individual parameter and thus for the overall risk score. 
Additionally, a conceptual decision, such as that described by Balkey et al may also be 
adapted to aid the user's decision-making process. Three issues are raised by this: 
0 How can the user's decision-making process be aided? 
" What scores are applied to each category and each parameter and how are 
they arrived at? 
" Will the scores be representative of the contribution to the risk that each 
parameter, and the combination of all parameters, may provide? 
12.3.2 The decision making process 
The decision-making processes and the scores attributed to each category are not 
independent of each other. Any score obtained will be directly dependent on the 
decisions the user has made. Conversely the scores may influence the decisions made 
by the user. Analysis of the decision-making process shows that it involves the user 
evaluating the "evidence" (the thermal environment) and then determining what the 
successful way of achieving the set objective is (to identify if there is a risk of heat 
stress) (Chicken and Hayns, 1989). The success of this though is reliant on sufficient 
and valid information being presented to the user. Additionally, it is important that as 
much information as possible is provided to limit the possibility that even when 
subjective views are required that the same or similar results are achieved. (This 
argument can also be supported mathematically, although the probabilities (ratings) are 
based on expert opinion and not on empirical heat stress data as the probability data are 
not available. ) 
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12.3.3 Assigning scores to risk descriptions 
A number of authors, including Pate (1983), Spencer et al (1985) and Covello (1994), 
describe the need to consider the mathematical foundations of subjective scores. The 
theory described is called Bayesian or judgmental view, which states that when using 
subjective views, the probability (of risk) is no longer purely a function of the situation 
but also of the state of the information. This is understandable, since judgements can 
only be made based on the information provided. Since the information provided is 
independent of the user, it should be presented in such a way as to ensure that two 
people with the same background knowledge would assign the same probabilities 
(ratings). Insufficient information may not allow for sufficient choice, while too much 
information may only serve to confuse the user. Interestingly though, the literature also 
shows that most rating scores are allocated arbitrarily based on expert opinions. The 
Bayesian theory also seems to allow for this, as the theory is based on health and safety 
experts being ideally suited to providing subjective opinions. This can be done without 
the need to consider what Covello calls the "classical" theories of probabilities. " This 
point is particularly important because no data are available about the risk probabilities 
that may exist under different combinations of thermal environment parameters. 
Therefore, any ranks or rating scores would be based on the opinion of an expert. 
The ranking (rating) of hazards also allows the user to identify areas of concern where 
possible control options may be implemented. It also presents the user with an order of 
the level of concern each hazard may represent. HSE (1991) reported that in addition to 
the establishment of risk control priorities, systems that assess relative risk could also 
aid in: 
0 Deciding Health & Safety Objectives and Goals; 
0 Prioritising and improving levels of competence and training; 
0 Identifying high risk areas that require more detailed monitoring; 
0 Identifying areas that may require immediate control intervention; 
0 Deciding what levels of controls are required, the extent of resources etc; 
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0 The review of control and intervention strategies. 
However, this process is usually done using the risk estimation equation. 
Types of Rating and Ranking methods in the literature 
Everley (1994) reported that St John Holt and Andrews (no date) (Table 10.1) and the 
Croner Health and Safety at Work Bulletin Issue (Table 10.2) provided simplified 
scoring systems. The system by St. John and Andrews was based on rankings awarded 
according to severity and probability, while that by Croner, multiplied the ratings for 
frequencies and severity to obtain a risk rating. The risk ratings with the highest score 
indicated the highest risk rating. 
Table 63: : Hazard Ranking as cited by Everley (1994) (after St John Holt and 
Andrews, nd) 
Score Severity Score Probability 
1 Catastrophic 1 Probable 
2 Critical 2 Reasonably probable 
3 Marginal 3 Remote 
4 Negligible 4 Extremely remote 
Table 64: : Risk rating as cited by Everley (1994) (after Croner Health and Safety at 
Work Bulletin Issue 3) 
_Score 
Frequency Score Severity 
1 Improbable I Trivial 
2 Possible 2 
3 Occasional 3 
4 Frequent 4 
5 Regular 5 
6 Common 6 
Minor 
Major injury to one 
Major injury to plus one 
Death of one 
Death of plus one 
The resulting scores range between 1 and 36. However there are a number of potential 
problems with the Croner method, as highlighted by Everley, including: 
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" It becomes difficult to distinguish between high frequency low 
consequence events and low frequency high consequence events (i. e. 
different combinations give the same result e. g. 1x6 and 6x 1); 
" There is no distinguishing between short term and long term risks; 
0 Most assessments may fall in the middle of the range of resulting scores. 
The problem with considering these sorts of criteria for a qualitative heat stress 
assessment methodology is that there may not necessarily be the same classification of 
consequences in the heat as there are for other hazards such as chemicals, noise etc. 
" Severity: One area where data are available is in the area of the 
pathological effects of thermal radiation exposure doses. One such data 
set are the cause and consequence tables of the effects of thermal radiation 
on humans (Hymes et al., 1996) which provides probabilities of lethality 
based on thermal radiation exposure doses and time. However, these are 
quantifiable because of the pathological nature of the consequences. This 
is not the case with exposure to non skin-burning levels of radiation, or 
the other parameters. Severity does not appear to be applicable to the 
qualitative assessment of heat; 
" Consequence: Here too the consequences are not as clear-cut as "minor", 
"major injury to one" etc. Added to this is the lack of evidence that there 
are long term health effects from working in the heat. Therefore if 
consequence is to be used, it may be better to consider it in terms of how 
likely is heat stress to occur and/or what magnitude the different 
parameters may have relative to other parameters in it's category (e. g. 
clothing). Again this is difficult due to interpersonal differences between 
people. Harm (strain and stress) from heat is not an easily quantifiable 
consequence. 
This interaction between what Chicken and Hayns (1989) call "technical factors" is not 
unusual, with these interactions often being "non-linear" and "multi-directional". The 
development of the judgements about each interaction or series of interactions often 
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need to be refined during the development stage of the risk assessment process. To do 
this, justification has to be provided to explain the rationale behind the development of 
the rational arguments. Where rankings are provided for the different categories and 
parameters of heat stress, each ranking will reflect the judgement of the author as to the 
role and place that that category or parameter has in the interaction of the 6 basic 
parameters. For these rankings to have meaning, an overall philosophy needs to be 
adopted to describe the magnitude of the individual ranks both as stand alone criteria 
and when compared to other ranks. To this end, Chicken and Hayns provided an 
acceptability criterion for technical risks. Their criteria have been adopted for this 
project: (Note: the probability of death criteria has not been included for heat stress). 
Table 65: : Technical risk acceptability criteria for Heat Stress (adapted from Chicken 
and Hayns, 1989) 
Risk Rank Acceptability Comments 
Score 
3+ Unacceptable level of risk from The risk would have to be significantly 
heat stress reduced for it to become acceptable 
2-3 Only acceptable under certain High risk of heat stress. 
circumstances 
The risk would have to be reduced to make it 
acceptable 
Further assessment using WBGT and/or SWrcq 
required. 
Physiological monitoring may also be 
required. 
1-2 Would require detailed evaluation Moderate risk of heat stress 
to justify acceptability 
Further assessment using WBGT and/or SWrcq 
required. 
0-1 May require additional evaluation Worker may be experiencing thermal 
to justify acceptability discomfort. 
There may also be little risk of heat stress. 
Further assessment using WBGT and/or SW, cq 
required. 
Less than 0 Little or no risk of heat stress. No risk of heat stress therefore no further 
Acceptable without restriction assessment required. 
These ranks are the same as those in the ASHRAE thermal comfort scales and the PMV 
Scales (although they are polar around a neutral score of zero. ) It may be necessary to 
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consider providing non-linear scores to illustrate the relative inter-factoral influence on 
the level of risk to the employee. 
12.4 User Discussion Groups 
12.4.1 Introduction 
Two focus group sessions were run with representative users. Due to difficulties in 
obtaining user participation, potential participants were targeted through British 
Occupational Hygiene Society (BOHS) conferences and Special Interest Groups (SIG). 
Although it is recognised that this provided a narrow base from which participants 
would be obtained, the users were nonetheless representative of potential users of this 
methodology. Another consideration is that the number of potential users with thermal 
risks in the UK may be as few 6% (Bunt, 1993). The first discussion group was held as 
a workshop at a BOHS PPE SIG meeting held in London in February 1999. The second 
was held also as a participatory workshop at the BOHS annual conference in London in 
April 1999. D. Bethea was the moderator in both. 
12.4.2 Format and Procedure 
An abstract was prepared and presented in the proceedings of each conference in order 
to provide information to the users about the purpose of the discussion group session 
and the format that it would take. Twelve (PPE SIG) and eleven (BOHS Conference) 
participants with an interest in heat stress volunteered to take part in the discussion. 
Base on the information provided in the Conference Abstract. Following a brief 
introduction, the participants were informed that the discussion would be taped and 
transcripts made. They were then given the opportunity to withdraw from the group if 
they wished. The discussion group was scheduled to last one hour for the PPE SIG and 
two hours for the BOHS conference workshop. (See Appendix 2 and Appendix 3 for 
BOHS Conference Workshop. See Appendix 4 to Appendix 7 for BOHS PPE SIG 
documents) 
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12.4.3 Results and Discussion 
Participant information and their heat stress experiences 
Users were asked to discuss their experiences, knowledge and any problems they 
experienced of heat stress risk assessment. 
0 One participant was from company that manufactures PPE. 
0 The other eleven were responsible for, or involved in, occupational health 
and safety. 
0 Four of the participants had no formal training in occupational hygiene 
and had been promoted into their jobs from other areas such as factory 
floor, engineering etc. They had however been on short courses. 
0 Only seven of the participants had experience of heat stress. 
" All had used the WBGT as described in the ACGIH TLVs (none had used 
ISO 7243) 
9 None had used ISO 7933. 
0 Another two had recently started working in industries that had heat stress 
problems and therefore expected to be involved in heat stress risk 
assessments. 
. All the participants were aware of heat stress and unanimously agreed that 
the assessment of heat stress was something they were not adequately 
trained in. 
All of the participants complained of a lack of information and that what information 
that was available was too technical. The need to conduct heat stress risk assessments 
was infrequent for all the participants. The general consensus was that heat stress 
situations often occur sporadically, for example during the hotter summer months. Heat 
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stress associated with PPE was a concern for all the participants but they were not aware 
of how different types of PPE could affect thermoregulation (i. e. none were aware of the 
PPE correction values by the ACGIH for their TLVs (WBGT) reference values). All of 
the participants agreed that manufacturers of PPE do not provide adequate information 
about the thermal properties of PPE. They all felt that the manufacturers should provide 
more information. 
Management of Heat Stress? 
Discussion of the top down approach management, assessment and control of heat stress 
as recommended by the expert discussion group focused on the inclusion of managers in 
the process and what the implication this may have for Small and Medium sized 
Enterprises (SMEs). 
All the participants thought that any method that included information for management 
would be beneficial. Management aids such as record sheets and information on heat 
stress and productivity, heat stress control options etc. were all considered necessary. 
The users agreed that management needed more information than was currently 
provided. This would be of particular benefit to SMEs, where resources were often low 
and/or line managers, product managers etc. were responsible for heat stress. 
Information though should not be technical in nature. 
10 Point Approach 
A flow diagram of a 10-point generic strategy for the Management, Assessment and 
Control of Heat Stress was developed following the expert discussion group. This was 
shown to the users and their opinions sought. The 10-point strategy was: 
1. Managing Health and Safety of Workers 
2. Training and Education of Workers 
3. Hazard Identification 
4. Observation 
5. Simple Controls 
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6. Measurement/Evaluation 
7. Analysis and Interpretation of Results 
8. More detailed Analysis and Interpretation 
9. Implementation of Controls 
10. Obtain Expert Help 
The 10-point plan was well received. A structured approach where all the necessary 
information was provided was required as they currently needed to look for information 
from a number of sources which was be time consuming. A number of participants said 
they knew there was information "out there" but they didn't know where to find it. 
Since the 10 Point approach was an expansion of the current HSE 5 Step approach, they 
felt that it would fairly easy for someone with little experience of risk assessment to 
follow. One of the main points was that it would standardise the way heat stress was 
managed, assessed and controlled. This would enable companies to standardise their 
heat stress strategies, where currently (in large companies) different sites within the 
same company may have different procedures in place. It may also provide a 
benchmark from which they could evaluate their own training programs and 
intervention successes. There was criticism of the use of the phrase "Thermal Audit". 
They recommended that this be changed to "Quantitative Assessment" as this was 
standard wording for describing the process of taking objective measurements. It was 
recommended that the Observation method, include "Qualitative Assessment" in its title. 
A Basic Assessment Observation 
The concept of an Observation Methodology as part of a generic strategy was discussed. 
The main questions were: 
1. How practical would this be? 
2. Will managers accept a control recommendation if a simplistic approach has 
been used? 
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3. What can be done to facilitate this to aid the Occupational Hygienist? 
Only the observation technique developed by D. Bethea was shown as Malchaire's 
Observation checklist had yet to be ratified by the BIOMED HEAT project. All the 
participants regarded the concept of a qualitative assessment as being an improvement 
on the current requirement of needing to take quantitative measures as the first process. 
What Expert Systems are required for a generic strategy? 
The following parameters were discussed: 
WBGT 
0 All the participants knew of the WBGT index, although all of them had 
used the ACGIH TLVs and not BS EN 27243. 
0 They knew that the WBGT index was limited but had used it because it 
was a relatively easy method to use. 
SWreq index 
0 None of the participants had used ISO 7933. 
05 participants knew the standard and three had considered using it. None 
had used it because they felt it was too complicated and scientific. 
Clothing Insulation (Clo) and other clothing information 
" One of the participants knew what the im (vapour permeability) of an 
ensemble is, but they were not sure how to find out what it is. 
0 All of the participants knew what the clo value was but only four knew of 
BS EN 9920. 
0 Few knew how to estimate clo value but did not know where to get the 
information. 
How to Estimate Metabolic Rate 
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" Nine participants knew that metabolic rate was required for a heat stress 
assessment. Three had used BS EN 28996 and the other used the ACGIH 
or NIOSH tables. 
Physiological Monitoring 
Nearly all of the participants were interested in taking physiological 
measurements. None had used physiological data. 
Presentation of Information 
Users were asked which of the following methods of presenting information they 
thought best suited their needs: 
" Record sheets 
0 Checklists of measures to be taken 
" Checklists of estimates to be obtained 
0 Incident Reports. 
All the participants agreed that a practical, easy to use methodology was required. One 
of the participants stated "what we need is an idiot's guide to heat stress". Another said 
"I need something that takes me by the hand and tells me exactly what I need to do and 
why. " 
12.5 Conclusions from User Discussion Groups 
12.5.1 DEFINITION OF USERS 
Formal definition of the users included a wider range of users than expected; 
" Person who is responsible for Health & Safety of workers 
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0 Occupational hygiene specialists, health and safety professionals 
" Also non-specialists such as those in SME's where one person "wears 
many hats" 
0 Managers (both middle and senior) as they may ultimately be responsible 
for health and safety policy. 
12.5.2 CHARACTERISTICS OF USERS 
0 Not all users may have formal training of heat stress 
" Not all users will have formal training in health and safety and/or risk 
assessment 
0 There will be a diverse perception of the risk of heat stress 
0 Poor level of knowledge in Standards/methods. 
12.5.3 HEAT STRESS STANDARDS 
" There is currently a low level of use of current heat stress standards; 
specifically ISO 7933 which is probably attributable to its poor usability. 
Nine of the SIG user group and eight of the BOHS user group considered 
current standards too be complicated and difficult to use. 
" There is an overemphasis on scientific content in ISO 7933 and to a lesser 
extent in the other standards. 
" Poor level of understanding is due to complicated procedures and 
complicated language in the standards. 
0 Participants knew how to estimate metabolic rate but not where to find the 
information in the heat stress standard. 
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"A minority of attendees knew how to estimate clo value but not where to 
find the information. 
12.5.4 USER PERCEPTION 
" Unless there is a complaint, risk of heat stress is not considered or 
assessed 
" In many cases the risk of heat stress is an infrequent occurrence because 
heat stress may be influenced by the seasons, by the task or be a 
consequence of wearing PPE. 
" Heat stress is a secondary concern, as it is not considered to be a life- 
threatening condition. 
" PPE and heat stress may always be a problem because workers can "never 
have too much protection". 
12.5.5 INFORMATION REQUIRED 
0 More information is required including information on: 
Effects of heat on humans 
Effects of PPE on human thermoregulation 
Estimating metabolic rate, clothing insulation etc 
Interpreting result and control strategies 
Management and cost benefits 
0 Methods of presenting information that would be useful would include: 
Flow diagrams, diagrams, computer programs 
. "Idiot's guide to heat stress" 
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0 Problem is self-perpetuating too complicated. 
0 The methodology should not be developed as a purely "technical 
document". Rather as a methodology for the overall management of heat 
stress. It should therefore, aid not only the assessment and control of heat 
stress but the decision process associated with conducting a risk 
assessment. This would seem to benefit both large companies, as well as 
small and medium sized ones where the occupational hygiene 
infrastructure may not be so well developed. 
0 There is a need communicate that heat stress is not only associated with 
hot environments. A major area of concern was where PPE or PPC is 
worn. As such, more information should be supplied to aid the user to 
better understand, evaluate and interpret the risk of heat stress associated 
with PPE and PPC. 
" "Expert Systems" should be provided to enable users to make a more 
detailed analysis of the environment and to better interpret and understand 
their results. More information about the possible control strategies 
should be provided. 
0 Information about the Health Status of workers should be included to help 
the user identify those people who may be at particular risk from heat 
stress. 
12.6 Postal Questionnaire Survey 
12.6.1 Aims and Objectives 
There were five main aims of the questionnaire survey: 
1. General Information: To identify and receive information about the 
responders and the companies in industry sectors that conducted heat stress 
risk assessments 
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2. International Standards: To establish user knowledge and use of current heat 
stress standards 
3. Heat Stress Indices: To establish which heat stress industries potential users 
of the practical methodology may have used or are currently using 
4. Assessment of Hot Working Environments: To identify which measurement 
methods and instruments users may use to conduct heat stress assessment 
5. Other Issues: To identify if there are any particular reasons why heat stress 
controls may or may not be implemented. 
12.6.2 Introduction 
Due to the poor return of questionnaires from the informal interviews and the discussion 
groups further information was sought about practical issues that be found in UK 
industry. It was hoped that the questionnaire would provide a large amount information 
at relatively low cost and relatively quickly. This may also enable the research team to 
obtain input from potential users who may not have attended the BOHS conferences. 
12.6.3 Method 
According to Sinclair (1995), one of the most important aspects of developing the 
questionnaire is the establishment of formal objectives and to decide early on what the 
format of the questionnaire will be. Therefore, the design of the questionnaire was 
approached with the specific research objective of obtaining information both 
complementary to and in addition to the findings of the structured discussion groups. 
The Questionnaire is provided in Appendix 11 Postal Questionnaire 
Sampling of Respondents 
A prerequisite of conducting HSE sponsored research was that if the questionnaire was 
to be sent to more than 24 companies; Survey Control Clearance from the HSE was 
required. Thus ensuring that the burden placed on the companies by participating in the 
study would not be excessive. Clearance was obtained for a maximum of 300 
questionnaires. Since the extent of occupational heat stress in the UK is not currently 
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known and that a limit of 300 questionnaires was placed on the survey it was not 
possible to establish the number of responses required to meet a power calculation. 
Ordinarily though a response rate of 30% is expected for postal questionnaires, but it is 
recognised that the low level of control associated with postal questionnaires may well 
result in a much lower response rate. Therefore additional measures such as reminder 
letters would be used in an attempt to maximise the response rate. 
12.6.4 Rationale for Questionnaire Design 
The rationale used for each of the aims is described below. 
General Information 
As described in Section 3.2 there are a number of industries that traditionally have heat 
stress environments. Added to the information about the industry sector each 
respondent was in, additional information would be sought, such as: 
0 The job title of the responder and their time in health and safety 
9 The number of people employed by the company 
0 How they rate their own competence as a health and safety professional, 
their knowledge of heat stress, PPE and heat stress and their ability to 
perform a heat stress assessment. 
The purpose of obtaining this information was twofold: 
0 To provide a non-heat stress specific introduction to the questionnaire. 
0 Background information on company sizes, industry sectors and the 
responder's experience and knowledge would provide a basis for 
evaluating the sample response to the questionnaires. 
International Standards 
Current heat stress standard are considered by some authors to be widely used in the 
assessment of heat stress in industry. However the informal interviews and discussion 
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groups suggested this was not the case. Therefore, information about international 
standard in the assessment of heat stress was needed from a wider sample base to 
investigate whether standards are used or not, and if they are used, to what extent they 
were applied. 
Heat Stress Indices 
As discussed in Chapter 4 there are a number of heat stress indices, standards and 
supporting documents, however no information is available about which of these indices 
are used, and to what extent. 
Assessment of Hot Working Environments 
The standards and other guidance documentation such as the BORS Guidance (1996) all 
provide descriptions of equipment that could be used in the assessment of the hot 
working environments. This section would investigate which of the instruments and 
methods are used and their ease of use. 
Other Issues 
From the Risk Assessment literature survey (Chapter 9) a number of possible issues for 
the effective management and control of risks were identified. This section was 
designed to provide data that may identify areas where particular attention may need to 
be paid by the practical methodology so as to meet the needs of the users within the 
framework of their current risk assessment strategies and policies. 
12.6.5 Questionnaire Design 
The questionnaire was designed to take about 20 minutes to complete. It consisted of a 
number of fixed questions with a fixed range of alternative answers, which were 
complemented by open-ended questions (Gray, 1975). Detailed instructions were also 
provided. Simple rating scales (as described by Sinclair, 1995) were used to obtain 
ratings from subjects. Each scale was 100mm long with anchor points and labels at 
each end. No interval points or labels were provided. 
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12.6.6 Procedure 
As it could not be sent to industrial respondents until survey control clearance had been 
received, the questionnaire and its instructions was piloted with three postgraduate 
researchers at HTEL. Additional input was received from Mr. Len Morris and Mr. 
Chris Quarrie from Health Division, HSE in Bootle. The Kompass Company Directory 
provided the means to randomly select those companies that would be sent the 
questionnaire. Using the industry sector list described on page 29, companies were that 
had process that were considered by the author to be the sorts of process which might 
pose a risk of heat stress were identified in each sector. From this list, 270 companies 
were randomly selected and were sent a postal questionnaires, with self-addressed 
envelopes enclosed. Questionnaires were addressed to the "Health and Safety 
Department". Two reminder letters were sent to all the recipients at two and four weeks 
after the questionnaires had been sent. 
12.6.7 Results 
Returns 
A total of 56 questionnaires were returned, but only 27 of these were completed. The 
rest (29) were returned with letters explaining that heat stress was not an issue for the 
recipient company. Which was interesting as all were in industry sectors recognised as 
having a risk of heat stress. 
Analyses 
This section describes the results of the analysis of the 27 completed questionnaires. 
All data was inputted in a spreadsheet, and was then analysed using Microsoft Excel 
97© and SPSS© Version 9 for Windows. Ratings are presented as box-plots; the plot is 
based on the median, quartiles, and extreme values. The box represents the interquartile 
range (25th to 75`h percentiles), which contains 50% of values. A line across the box 
indicates the median for the plotted data. Whiskers are lines that extend from the box to 
the highest and lowest values, excluding outliers and extreme values. The outliers 
(indicated by circles) are those values that are values between 1.5 and 3 box lengths 
from the upper or lower edge of the box. Extremes (shown by the stars) are those 
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values more than 3 box lengths from the upper or lower edge of the box. The questions 
to which the results refer are provided in brackets e. g. (Q1). 
General Information 
Job title and time involved in Health and Safety. (QI and Q2) 
shows that a wide range health and safety professionals with a mean time in job of 11 
years replied to the questionnaire. One point to note however, is that from the 
discussion groups it was ascertained that many of the people responsible for health and 
safety in industry are promoted from within and are not necessarily trained hygienists 
etc. but line managers, product managers etc. None of these sorts of job descriptions 
were amongst the responders. 
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Table 66: A breakdown of each respondent's job description and number of years in 
health and safety. 
Years in 
Respondent Job Title Health & 
Safety 
RI Health and Safety Officer 5 
Principle Safety and Environmental Advisor Integrated management 7 R2 system co-ordinator 
R3 Senior Occupational Hygienist 23 
R4 Group Safety Manager 15 
R5 Health and Safety Advisor 11 
R6 Industrial Hygiene Advisor 15 
R7 Head of Nursing 21 
R8 Occupational Hygienist 7 
R9 Health and Safety Manager 18 
R10 Industrial Hygienist 4 
R11 Health and Safety Co-ordinator 7 
R12 Corporate Health and Safety Manager 24 
R13 Senior Hygienist 12 
R14 Occupational Hygiene Advisor 2 
R15 Occupational Medic 22 
R16 Hygienist 5 
R17 Health and Safety Officer 10 
R18 Factory Health and Safety Officer 3 
R19 Production Manager 3 
R20 Site Safety Manager 15 
R21 Senior Occupational Hygienist 12 
R22 Health and Safety Supervisor 8 
R23 Site Health and Safety Advisor 4 
R24 Health and Safety Officer 2 
R25 Environmental Safety Manager 21 
R26 Union Safety Representative 11 
R27 Hygienist 17 
Mean 11 
SD 7 
Min 2 
Max 24 
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Figure 35 shows that the most responses were obtained from the Petrochemical and 
Petroleum Products (four) and Glass manufacturing industries (four). Figure 36 shows 
that the majority of responses were from companies with more than one thousand 
employees (66.7%), while 1 1.1 1% of respondents were from companies employing in 
the ranges between 101 to 1000 employees. The ranges, 0 to 15,16 to 50 and 51 to 100 
had no respondents. 
Ratings of competence and knowledge (Q 6 to 10) 
Figure 37 shows that the median score was higher for competence rating of 
occupational hygiene than the areas of heat stress. Interesting though the median for 
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"PPE and heat stress" is higher than for general "heat stress" issues. The ranges for all 
the heat stress issues were similar, although the median for occupational hygiene was 
higher than all the inter-percentile ranges for each of the other criteria. Figure 38 
shows that respondents gave a higher rating for other standards (specifically ACGIH) 
than they did for CEN or BS or ISO standards. ISO standards obtained the lowest 
ratings of level of knowledge although the ranges for all three types of standards were 
similar. Fifty percent of the ratings provided for other standards were higher than the 
medians for both CEN and BS and ISO standards. 
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Figure 39 provides a breakdown of the four standards showing the number of 
respondents who knew of each standard and the number that had used them. ISO 7243 
(WBGT) has both the highest number of respondents who know and who use the 
standard (96.3% and 81.48% respectively). ISO 7933 SWrcq on the other hand has the 
lowest scores for both the number who know and the number that have used the 
standard (48.15% and 14.81%). Both ISO 9886 and ISO 8996 have similar results. 
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Figure 40 shows that those respondents who knew of ISO 7933 SWreq rated their 
knowledge of it as worse than those who know the other standards. The inter-percentile 
range and the whiskers show that all but two respondents (extremes shown) rated their 
knowledge as less than a rating equal to 3. ISO 7243 had a median rating higher than 
the other standards. It also showed the greatest range of ratings. Here too ISO 9886 
and 8996 provided similar median values. Figure 41 shows those users who had used 
ISO 7933 SWrcq had the lowest confidence rating in it than the ratings given to the other 
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standards. The standard with the highest median rating was ISO 9886. Although ISO 
9886's median was similar to that for ISO 7243, its inter-quartile range was narrower. 
12.6.8 Heat Stress Indices (Q20) 
Respondents were presented with a number of heat stress indices and standards and 
were asked which of these they had Never Used, had Previously Used, or were 
Currently Using. 
AC-, 'H T_ Effectwe -en-r F, i* -R Heart rite ra[rrý-.,, ---- - ý" SCurrently 
I U3 m5 ONever 
-  
Previously 
,e 
Heat ... Inge C1 ...... .... qq 
$1 . 9ik 
26 ý4 40 
nr 
7aix 
n-2 
Figure 42: Pie charts showing the number of respondents who either currently, previously or 
never used heat stress indices and standards. 
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Figure 42, shows that of all the indices and standards listed ISO 7933 SWrcq is the only 
standard that is not currently being used although 14.81% of the respondents have used 
it in the past. The only other standards with two categories obtaining responses were 
ISO 11399 with 7.41% currently using it and 92.59% having never used it. At the other 
end of spectrum, ISO 7243 (55.56%) and the ACGIH TLVs (62.96%) had the second 
highest and highest Currently Used responses respectively. The Heat Stress Index 
(HSI) has the highest number of Previously Used responses (37.04%). ISO 8996 and 
Heart Rate recovery responses both recorded 29.63% for Currently Used as the third 
most used indices/standards after the TLVs and WBGT. 
12.6.9 Assessment of hot working environments 
Respondents were asked to indicate which of the follow methods they either currently, 
previously or never used and to provide Ease of Use ratings for those they had used. 
The ratings were based on the following asymmetrical scale: 1=Impossible, 2=Very 
Difficult, 3=Difficult, 4=Easy, 5=Very Easy. 
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Physical Measures of the Environment 
Table 67: Methods used and Ease of Use Ratings for measuring the physical 
environment 
When Used 
Currently Previously Never 
Ease of Use 
Rating 
Median 
Mercury in glass 21 2 4 5 
Thermocouple 10 3 14 5 
Thermistor 4 1 22 5 
CIO Platinum resistance thermometer 3 2 22 5 E1 
Semiconductor junction None None 27 - 
-14 
Two sphere radiometer 1 1 25 3 
Black globe thermometer Large 1 5 21 5 
(150mm) 
t Black globe thermometer Small 16 6 5 4 
(±40mm) 
'° Plane Radiant Temperature. 4 4 19 2 
Whirling Hygrometer 7 7 13 4 
Electronic Hygrometer 4 5 18 4 
Dew point technique 1 
2 24 3 
Hygrograph 1 3 23 3 
Humidity Probes (resistance or 6 3 18 4 
capacitance) 
Psychrometer (e. g. Assman) - natural 
None 4 23 2 
Psychrometer (e. g. Assman) -forced 
None 4 23 2 
Lithium Chloride Cell None 2 25 2 
äv Hot Sphere 1 2 24 3 
0 Hot wire anemometer 20 
1 6 5 
Kata-thermometer 2 8 17 3 
Most of the respondents (21) currently used the mercury in glass thermometer for 
measuring air temperature, followed by the hot wire anemometer (20) for air velocity, 
and the 40mm black globe thermometer (16) for radiant temperature. There was no 
clear preference for measuring humidity, with the whirling hygrometer and the humidity 
probes currently used by 7 and 6 respondents respectively. Medians for these methods 
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showed that four highest currently used methods were either 5 (for mercury in glass and 
hot wire anemometer) or 4 (small black globe and whirling hygrometer). 
Table 68: Methods used and Ease of Use Ratings for derived measures of the physical 
environment 
Ease of 
When Used Use 
Rating 
Currently Previously Never Median 
Indoor climate analyser 32 22 5 
Wet Bulb Globe Temperature (WBGT) 14 10 34 
Meter 
The dedicated WBGT meters are commonly used; with 14 respondents currently using 
them, and 10 respondents having used them in the past. It obtained a median of 4, 
which corresponds to Easy on the scale. 
Personal Measures of the Environment 
Table 69: Methods used and Ease of Use Ratings for estimating the effects of clothing 
on thermoregulation 
Ease of 
When Used Use 
Rating 
Currently Previously Never Median 
Thermal Insulation (clo) 92 
16 3 
Weight of clothing (e. g. light, 6 None 21 
medium, etc. ) 
Body part covered 
9 None 18 
Emissivity 
41 22 
Air Permeability 
51 21 
Vapour Permeability 
41 22 
Estimation (e. g. light, medium, 18 453 
Work etc. ) 
Rate Measurement (Physiological 36 18 2 
testing) 
From Table 69 the two most commonly used methods for estimating the effects of 
clothing on thermoregulation are estimating the clo value and body part covered (9 
respondents each). The body part criteria corresponded with comments made by the 
respondents with respect specifically to the use of PPE such as helmets, breathing 
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apparatus etc. Estimation of metabolic rate was currently used by 18 of the participants. 
All the criteria scored a median score of either difficult or very difficult. 
Table 70 shows that heart rate was currently used by 11 of the respondents with an Ease 
of Use rating of 4. The second most used physiological measure was aural temperature 
with 7 respondents currently using it. Only respondents had tried previously used 
measures of hydration, fluid intake and dehydration. 
The most commonly method currently used to identify workers at risk was Health 
Status of the Worker with 16 respondents (Table 70). It also had a rating of Easy. State 
of acclimation only had two respondents currently using it, while 16 had previously 
used it. It had a median score of 3, corresponding to difficult. 
Table 70: Methods used and Ease of Use Ratings for measuring physiological 
responses to hot environments 
Ease of Use When Used Rating 
Currently Previously Never Median 
Pulse rate 11 7 9 4 
Sweat loss 4 2 19 4 
Fluid intake None 2 25 4 
Dehydration measures None 2 25 1 
Hydration state of worker None 2 25 2 
before work 
Body Temperature measures: 7 4 16 4 
Aural (inner ear) 
Body Temperature measures: 2 8 17 5 
Oral 
Body Temperature measures: 1 4 22 2 
Rectal 
Body Temperature measures: N 2 25 2 one 
Weight 3 None 24 5 
Height 3 None 24 5 
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Table 71: Methods used and Ease of Use Ratings for identifying workers at risk from 
heat stress. 
When Used Ease of Use 
Rating 
Currently Previously Never Median 
State of acclimation 2 16 8 3 
Age 1 9 16 5 
Gender 12 None 14 5 
Health Status of the Worker 16 None 10 4 
Subjective Scales such as 
Thermal comfort scales (e. g. 1 8 17 3 
Bedford) 
Other Issues 
Why heat stress controls MA YNOT be implemented 
In order to identify areas where users may require additional information to aid 
communication of the risks and their risk assessment findings with management a 
number of questions were asked concerning the following topics: 
0 Perception of Risk of Heat Stress; 
0 Competence; 
" Working procedures; 
0 Cost of Controls and Resources available; 
9 Communication; 
0 Employee involvement in process; 
Management taking initiative. 
The results are presented in the box plots below. 
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There doesn't appear to be any noticeable trends. One area of encouragement is that the 
boxplot shows that overall management accept the findings of heat stress risk 
assessments (Table 72). This is mirrored in the responses to "management do not 
accept findings of risk assessment" and "management accept risk assessment findings". 
The legal requirement, as expected, was one of the main reasons why control options 
are implemented, with a median score of 1. The narrowness of the box shows that all 
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but three respondents gave this a rating of 1. Interestingly, effective communication 
was also cited as a positive reason for the implementation of controls. 
The literature breaks risks into two categories, tolerable and intolerable. Although the 
intolerable risk is generally considered as being a reason for the implementation of 
controls, the perception of "intolerable risk" does not appear to negate the 
implementation of controls. This was not expected, and perhaps shows that what the 
distinction between tolerable and intolerable heat stress risk is an issue when 
implementing controls. 
However that said, management do not appear to play a part in the identifying heat 
stress problems. This suggests that further information is required, such as reviewing 
accident reports, productivity levels etc. so that management also plays a proactive role 
in the Management, Assessment and Control of heat stress. After all management are 
legally obliged to ensure that health and safety policies are observed. 
12.6.10 Discussion 
Parsons (1995) identified the need for better integration of methods of assessing heat 
stress, including those described in the standards, by combining them with sensible 
working practices of accounting for individual characteristics of both the worker and the 
workplace. The results from this questionnaire would seem to suggest that this has yet 
to be done in practice. 
The low response rate means that insufficient data were obtained for a statistical 
analysis. The respondents were all from companies with more than 100 employees, 
although all the sectors targeted obtained a response. These findings therefore can only 
show possible trends and may highlight a number of issues that are specific to larger 
companies. Since no responses were obtained from smaller companies (<100 
employees), two possible explanations can be provided: 
1. The sample techniques of obtaining company information from the Kompass 
Company Directory were unsuccessful, as it may not have allowed sufficient 
small companies to be targeted. However, since the samples were randomly 
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selected it would be a safe assumption to make that the reasons for the lack 
of responses from these small companies may be due to the next reason. 
2. The larger companies may be better equipped, both in terms of resources and 
in terms of personnel, of ensuring that adequate heat stress risk assessments 
are performed. This latter reason may be more relevant if one considers the 
responses that claimed they did not have a need for heat stress risk 
assessments. All these responses were identified as companies that had 
process that would create heat. It seems unlikely therefore, that heat stress 
was not an issue. Rather, it would seem that heat stress was not an issue 
because it had not been identified as one (this may be a problem if 
companies rely on RIDDOR reporting as an accident only qualifies as a heat 
stress accident if the intervention of a third party is required). 
Whatever the reason, the weaknesses of the questionnaire study are recognised, but they 
may also be an indication of the confusion and/or lack of understanding of heat stress in 
industry, and specifically in smaller companies. 
The respondents had a mean time in health and safety of 11 years from a broad range of 
health and safety related occupations. An interesting finding was that ISO and BS 
standards were rated as worse than other guidance (such as ACGIH TLVs). If this is a 
reflection of what might be found in the general population it would suggest that the 
expert and user group assertions that current standards are not user friendly may be 
having an effect on their usage and application in industry. This is something that the 
standard writers should consider when it is time to redraft the standards. 
Another reason for the greater knowledge of the ACGIH TLVs may be due to the TLV 
booklet containing information on a range of hazards (chemicals, noise etc) and as such 
users have a readily accessible source of information that does not require the assessor 
to move between information sources as and when the need to conduct risk assessments 
arise. Although 90% (26) respondents were aware of ISO 7243, with 81.48% having 
used it. The finding that respondents gave very different ratings for their knowledge 
and their confidence in ISO 7243 when compared to ISO 7933 SWrc. ISO 7933 SWq rc 
was the only index listed that was not currently being used supported this. The ACGIH 
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and ISO 7243 were the indices being used the most (63 and 52% respectively). The 
Heat Stress Index, the predecessor to ISO 7933 SWrcq was still being used by three 
respondents (11%). 
Table 73 has been drafted to compare the methods that the respondents currently use in 
their assessment of risk stress and the allocation of "Information Lever' as decided by 
the expert discussion group. To allow for the large variation of the rated levels of 
knowledge of heat stress observed in Figure 37, a criteria limit of 75% (>20) has been 
placed on meeting the Primary Level recommendation and a limit of 50% (>14%) for 
Secondary Level. It is appreciated that these percentages are low, but have been set to 
obtain a measure representative of current usage and not what would be expected. It is 
also restricted by the small number of respondents. The resultant comparison shows 
that users are only performing six of the possible seventeen tasks investigated. This 
suggests that users need to be made aware of the importance of those methods that they 
are currently not employing. 
247 
c 
Z 
v 
0 
I- c 
0 
C) 
cC 
c3 
cC 
r 
r c3 
Ln 
C) 
G) 
C) 
N 
n 
U 
.D :C 
H 
a) 
0) 
a> 
3 
0 
C.. 
ý. O 
X 0. W OO 
NQ 
E 
O 
0 
0 
O 
-c 
Q. 
OO 
L -_ 
c: C: 
OOE 
(I) 
^L Co LL 
O 
(n O 
c 
a) O 
CL 
x 
w 
J 
M 
N 
H 
w 
:3ß 0N 
d 
> »» xxx x\11. xxxxx xI 
cß _0 co co mmß co -0 a- cß cß ca cß -0 cD cD EöEEEEö E_ öXE 
. LE .E .EöE L0LLLL0-0WLLL0LL CL a. 0- a a) a (D aaa Cl- a) CL a cn cn m Cl) 
N d' -r Lo CY) CO cy) N 00 N Cy) 
ON (fl 
NN N- 04 V- 
c CI CO Iý CD N, (0 "N co OO 
ZZZ 
CNN (D t- ID O) "T O) In M 00 04 
C,, C4 CD 
Z 
U 
r- :) :) d: 
y 
ýý+ 'a 'D 
Ö 0 LA I 4) G1 V 
d d d ýp 
, - w Y aC 
O #EOE 0 
E E m M N E E ß c- v E " E d v e t > 
0 t' t ý 
CD 
O ß 
G) 
fl .. r 
(D 
. N a) r r-+ 
C 
ýp 
T 
j C - ' a y 
C 
ýr. 0 N 
N 
a C N 3 3 n ö `-' 9 L 0 ýý 
3 ý = ° m ° y 0 E cW-r z . g .0 . c >% 
) 0 
0 N 
O `O 0 O U ß 
c w Cý E O a) 
f /1 
E U 
a 2 N CD 
= a = C', 
a) 
0 
N 
Chapter 13 CONCLUSIONS OF STAGES 3&4 
Proposed Generic Strategy for the 
Management, Assessment and 
Control (MA&C) of Heat Stress 
13.1 The Risk Analysis Approach 
Table 73 introduces Glendon's model of the decision flow training objectives for an 
individual and an organisation (Glendon, 1974). From data gathered in the Exploratory 
Stage and in the Literature Survey thus far, Glendon's model has been adapted to meet 
the requirements of an overall approach to the Management, Assessment and Control of 
Heat Stress (MA&C) in industry. It is from this generic requirement and the need for a 
holistic risk analysis approach that the process flow diagram has been developed. Both 
the model and the process diagram have been developed with the following functional 
specification in mind. 
13.2 10 Point Approach MA&C of Heat Stress 
The following 10-point strategy is recommended as the approach for the MA&C of heat 
stress. A process diagram to show the decision making sequence that should be taken is 
provided as Figure 10.10. 
" Managing Health and Safety of Workers 
" Training and Education of Workers 
" Hazard Identification 
" Observation 
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" Simple Controls 
" Measurement/Evaluation 
9 Analysis & Interpretation of Results 
" More detailed Analysis and Interpretation 
" Implementation of Controls 
" Obtain Expert Help. 
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13.3 Functional Specification of a MA&C of 
Heat Stress Strategy 
The main function of the MA&C of Heat Stress Strategy will be to provide the 
necessary information, tools and user job aids to aid in the systematic identification, 
evaluation and prevention or control of heat stress in industry. A number of sub- 
functions will combine to meet this requirement, they include: 
Provide an effective and usable method for the management of heat stress 
Provide an effective and usable method for the assessment of heat stress 
Provide an effective and usable method for the control of heat stress 
Provide an effective and usable method for the communication of heat stress between 
all levels of a company. 
Provide a systematic approach to all aspects of the MA&C of heat stress 
Provide information that could help assign responsibility to managers, supervisors, and 
employees 
Provide information for the training of all employees 
Training guidelines for workers working in the heat (e. g. emergency withdrawal 
procedures, rehydration requirements etc. ) 
Training guidelines for those responsible with the assessment and control of heat stress 
Provide guidelines based on current heat stress standards, best practice and published 
information. 
Provide clear statements on the recommended physiological limits for working in the 
heat 
Provide mechanisms whereby recording keeping can be ensured (e. g. record sheets etc) 
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Provide information on control procedures for the different hazards that are associated 
with heat stress including, high radiation, high humidity, high metabolic rate, health 
status etc. Controls would include engineering, administrative and others. 
13.4 The proposed Observation Checklist for 
the Assessment of Heat Stress 
Based on the findings of the research thus far, it was decided to concentrate the 
remainder of this project on the Observation Checklist as the practical heat stress 
assessment tool. The MA&C guidance will not be developed further, but have provided 
the basis for the role that the Observation Checklist will play in the overall strategy of 
heat stress risk assessment. The following tables show the design decisions that have 
been made for the Observation Checklist: 
13.5 Process flow diagram and Format of the 
MA&C of Heat Stress in Industry 
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Figure 45: Process flow diagram of the Management, Assessment and Control of Heat Stress in 
Industry 
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13.5.1 General Format of Observation Checklist 
Feature Design and Development Stage 
Design Decision Rationale 
Basic " Separate the parameters into " Follows the method of conducting a 
Parameters Environmental, Clothing and Work quantitative heat stress assessment 
rate categories. Each becoming a where the user would need to measure 
Parameter Group. the environment, estimate the clothing 
" Provide a parameter group for Health insulation and estimate the metabolic 
Status of the worker rate (making corrections for any PPE). 
" Health status of the worker is crucial. 
Instructions " To provide simple, easy to read " Inaccurate or difficult to understand 
instructions based on standard instructions would render the 
ergonomic guidelines. observation method useless. 
Example " Provide an example scenario with " This would show the user how the 
Scenario worked example of checklist. checklist may be used, and how the 
information may be interpreted. 
Layout " To provide a logical and easy to follow " The layout was designed to enable the 
layout with colour coded sections to users to easily navigate their way 
aid navigation. through the process and to minimise 
" Keep instruction to one page. their memory load. 
" Keep checklist to 3 to 4pages to " Additional information such as the 
minimise user memory load. Instructions, Scenario etc will add to 
" To provide a Scenario (with completed the method's length. Therefore the 
sample answer) to illustrate how method needs to be as concise as 
checklist may be completed possible. 
Decision " To provide a step by step process for " To further simplify the task each 
Process observing the work place environment parameter would be observed in turn 
and the worker following a similar approach to that 
" To provide decision aids as and when that might be followed when 
needed to aid in the use of the conducting other quantitative risk 
checklist assessments. 
Additional " To provide detailed breakdowns of the " It was hoped that by providing a 
Information' different aspects of the parameters. detailed breakdown of the different 
parameters users would become aware 
of how the different parameters 
interact and what aspects of the 
different parameters needed to be 
considered. 
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13.5.2 Ranking of Risks and Resultant Scores 
Feature Design and Development Stage 
Design Decision Rationale 
Scoring " Provide a scoring system for each " No literature could be found to provide 
parameter of each group. a mathematical basis for the ranking of 
" Provide a mechanism for the thermal environment risks, therefore 
comparison of scores between 
parameters to identify possible heat 
stress causal factors 
Provide visual feedback about potential 
levels of risk of each parameter. 
other risk ranking techniques were 
investigated. Most seemed to use an 
arbitrary raking system based on 
expert knowledge. 
" It was decided to use a polarised 
scoring ranking system of-2 to +3, 
with 0 being the neutral point. This 
was based on the ranking technique 
employed in the ASHRAE thermal 
comfort scale and the PMV index. 
" It was then discovered that Malchaire 
had used a similar ranking system. 
Score as a" To provide an easy to understand " Potential users had expressed the 
measure of overall estimation of the risk of heat desire for a single estimate of risk for 
Overall Risk stress. the overall working situation. 
" To provide this as a SINGLE " To weight categories according to 
NUMBER representing a position on a possible impact, with the following 
qualitative scale of risk of heat stress. weightings; 
9 Environmental Score x One 
" Work Rate Score x Two 
" Clothing Score x Three 
" The Estimate of Risk scores for each 
parameters were summed and then 
divided by six (sum of weightings; 
1+2+3) to equalise the effects that 
each of the parameters may have had. 
" The resultant figure was an overall 
estimate of risk with the following 
criteria ranges: 
Less that 0 -= NO RISK 
0 to 1= Low Risk 
I to 2= Moderate Risk 
2 to 3= High Risk 
3+ = Unacceptable Risk 
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13.5.3 Environmental Parameters 
Feature Design and Development Stage 
Design Decision Rationale 
Air " To use descriptions or categories of air " The idea of a qualitative method must 
Temperature temperature instead of ranges based on be that users are not required to take 
measurements. any measures but to simply "observe" 
their environment and the worker. 
Thermal " To adapt the radiation descriptions as " No subjective descriptions of thermal 
Radiation used by Malchaire. radiation could be found in the 
literature. 
" A point that was raised during the 
preliminary discussion group sessions 
was that bare skin may not be exposed 
to the radiation. Therefore phrase "if 
skin were exposed" was used. 
Humidity " To adapt the radiation descriptions as " No subjective descriptions of thermal 
used by Malchaire. radiation could be found in the 
literature. 
Air " To adapt the radiation descriptions as " No subjective descriptions of air 
Movement used by Malchaire. movement could be found in the 
literature. Malchaire's descriptions 
were adapted to include temperature of 
air moving as hot air may increase heat 
transfer into the human through 
convection. 
13.5.4 Work Rate Parameters 
Feature Design and Development Stage 
Design Decision Rationale 
Type of " To describe the work rate as " It was felt that to describe the work 
Movement components tasks that make up the rate as types of work (e. g. driving, 
overall task. digging etc. ) would be too detailed. 
" Therefore, the components as 
described in ISO 9886 (1994) were 
used. 
" Since each task may be made up of 
different tasks the user would have the 
capability of ticking more than one 
box and as such obtain an overall score 
for work rate based on the sum of the 
components. 
"A ratio was obtained by dividing the 
sum of scores by the number of ticks. 
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13.5.5 Clothing Parameters 
Feature Design and Development Stage 
Design Decision Rationale 
Materials " Provide different descriptions of " The permeability of the material of an 
clothing based on the vapour and air ensemble may have a great impact on 
permeabilities. it's suitability in warm, hot 
environments. Users need to be aware 
of this. 
" Additionally, new indices (such as 
proposed PHS index) require users to 
input permeability index (im). 
Hazard " Describe clothing based on the " If workers are working in areas of high 
Protection severity of the hazard from which it is risk from hazards such as chemicals, 
protecting the worker (i. e. exposure nuclear etc the nature of the clothing 
could be fatal). will interfere with thermoregulation. 
Movement " Describe clothing in terms of any " Heavy and bulky clothing may inhibit 
restrictions it may have on the workers movement thereby increasing the 
ability to perform tasks. metabolic rate 
Weight " Describe clothing in terms of its " As above 
weight (i. e. lightweight, heavy etc). 
Reflective " Describe reflective properties of " Recommendation from user discussion 
qualities of clothing (i. e. black/dark clothing with groups. 
clothing no reflective properties). " If high reflective clothing is worn in 
material 
high radiation environments, the risk 
surface 
from the radiation may be reduced. 
An overall design decision based on the above findings was that the clothing described 
in BS ISO 9920 (1995) and the references provided needed to be categorised so that the 
different ensembles could be ranking according their insulative properties. 
The first prototype of the observation checklist is in the (Appendix 12). The prototype 
(Bethea and Parsons Method) was then evaluated and compared with the method 
developed by Malchaire (Appendix 10). 
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PART V 
STAGE 5 (PART ONE): 
Evaluation of Prototype 
PART V is only concerned with the Part One of STAGE 5 of the Project Lifecycle and 
contains Chapters 14 and 15: The evaluation of the prototype observation checklist. 
Chapter 14 provides the context against which the evaluations in the following chapter 
would take place. 
Chapter 15 presents the prototype method usability trials conducted at two paper mills 
and one steel mill. The outcomes of these user trials led to development of the Practical 
Heat Stress Method presented in PART VI 
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Chapter 14 User Requirements 
14.1 Introduction 
Smilowitz et al (1994) reported the successful use of what they call "beta tests" late in a 
product's development. Although this was used to assess software with "real world 
users" in "real world situations" it was decided that a similar evaluation process was 
needed for the Observation Technique. An empirical test, conducted in a thermal 
chamber in a laboratory using simulated situations (such as that used in the heuristic 
evaluation) would not be suitable as it did not reflect "real world' heat stress problems. 
As such, it may be too constrained by the controlled environment and limitations of the 
laboratory. Additionally, following the difficulty in obtaining user input into other parts 
of the study, it was recognised that it would be very difficult and time consuming to 
obtain representative users from industry to participate in laboratory trials. Since 
structured group discussions had been successful in obtaining representative user input 
it was decided to use them again for usability testing of the Observation Methodology. 
14.2 Establishing Evaluation Methodology 
14.2.1 Comparative Analysis. 
Comparing prototypes with other competing products often provides for the sort of 
results that provide for the best improvements to the prototype. This enables the 
assessor to compare user preference and product performance. Nielsen (1993) 
recommends the use of heuristic evaluations based on established usability guidelines 
and then to conduct usability trials with the prototypes. 
14.2.2 Setting of Evaluation Criteria 
Since usability is not one-dimensional, it is may be possible to identify and describe 
those criteria by which it is to be evaluated before any evaluation process takes place 
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(Chapanis and Budurka, 1990). This ensures that all criteria are not given the same 
weighting and that the criteria are based upon what is important to the users and their 
tasks. However, this is somewhat more difficult to achieve than it sounds, and therefore 
the primary requirement may be to establish which criteria the product is required to out 
perform the comparative product (Nielsen, 1992). 
14.2.3 Task Analysis. 
Poulson et al (1996) suggests the use of task analysis (TA) techniques to establish the 
user's requirements both for and from a product. It provides a breakdown of the tasks 
from high and low level activities enabling the organisation of the information into a 
structured sequence. This is supported by Nielsen, who quotes work from a number of 
authors (including Diaper, 1989; Fath and Bias, 1992; Garber and Grunes, 1992) who 
states that TA is extremely important for early input into the design process. TA 
provides a basis from which to explain processes to users and to identify those processes 
where users are not achieving the required goals. It is these weaknesses, in both the 
high and low level activities which themselves point to the required improvements. 
14.2.4 User Trials 
It was necessary to evaluate the observation checklist method developed for this project 
using representative users. Two groups of participants from two different industries 
volunteered to take part in the experiment. One group was from a large multinational 
steel company and the other group was from a number of companies in the Paper 
Industry. Two observation methods were evaluated in situ at a representative plant of 
industry sector. The two methods to be evaluated were: 
1. Malchaire 
2. Bethea and Parsons. 
A direct comparison between the methods was to be made using the discussion groups 
to obtain qualitative data. 
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Chapter 15 User Evaluations of Prototype 
Method 
15.1 Aims 
The aim of the evaluation stage was to compare the usability of the two observation 
methods with representative users in real-life situations. 
15.2 Method 
15.2.1 Experimental Design Decisions 
The usability trial was to be run as a controlled experiment and as such a number of 
experimental design decisions were made a priori. 
Users would be required to use the two observation techniques to evaluate the risk of 
heat stress in an occupational setting. 
The users were not to be made aware of which methodology was which, in other words 
it was a "blind trial". This was done so as not to influence them in anyway. The 
only information they had been given was that the two methods had been developed 
by different research teams. 
The users were asked not to discuss the methodologies, their observations or their 
opinions during the trail. 
No comparison of observations during the trial would be permitted. 
Other than the procedural information about the user trial, no information about how to 
use the methodologies would be provided. The users would be required to follow 
the provided instructions. 
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15.2.2 Subjects 
Paper Mill Participants 
Seven health and safety personnel took part in the study. They were responsible for the 
health and safety in their factory. Only two of the participants had any experience of 
heat stress risk assessment. The rest of the participants were relatively inexperienced in 
heat stress risk assessment. As such this was be representative of OCCASIONAL users. 
Steel Mill Participants 
Seven health and safety personnel took part in the study, and as in the Paper Mill group 
were responsible for the health and safety in their factory. All of the participants had 
experience of heat stress assessments using a number of methods including HSI, P4SR, 
WBGT and physiological monitoring. These participants were representative of the 
SKILLED users 
15.2.3 Apparatus 
As mentioned above, the two methodologies were given to each member. The 
methodology by Malchaire was called Method A, and the other Method B. 
Each methodology had its own instructions specific to each. 
Detailed usability questionnaires were developed for users to complete upon completion 
of the trials (these were not used on the day because the researcher felt that it would 
unnecessarily interfere with the way the discussion group was going - i. e. sufficient 
information was being provided through the discussions). 
15.2.4 Descriptions of Sites Evaluated 
Paper Mill 
Two sites were evaluated: 
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The basement area beneath a Paper Machine. The environment was warm and humid. 
The tasks performed were the same as those described in Chapter 11 
. Behind the screen area 
in front of the rollers above the basement area. This 
environment was hot with high thermal radiation from the rollers. This environment 
is usually covered by a protective screen, which is raised when paper breaks occur. 
Workers work in this area in close proximity to the rollers while removing paper 
jams. Occasionally they may be required to crawl between the rollers to remove and 
replace the felt-belts on which the paper moves. The WBGT value in this area is 
about 44°C, with a mean globe temperature of 51°C. 
Steel Mill 
Only one site was observed: a blast furnace was undergoing maintenance. 
The end walls had been removed and maintenance crews were working to remove slag 
from the floor of the furnace. The dry bulb air temperature was 45°C and the radiant 
temperature was about 80°C at the place of work. The work/rest schedules were 10 min 
on and 20 min off during which time they left the furnace. Their work rate was very 
high with them using pitchforks to loosen the slag and then shovelling it into 
wheelbarrows. When full, the wheelbarrows where wheeled to the edge of the furnace 
and the contents tipped into a basement area below. Workers wore fire retardant 
coveralls, t-shirts, boots with wooden blocks strapped to the underside of the boot, fire 
retardant gloves, facemasks and safety goggles. 
15.3 Procedure 
15.3.1 Pre Evaluation 
The discussion group sessions and the venue for the observation to be performed were 
on the same site. The site for each group was volunteered by one member of that 
group and was not subject to any restrictions from the research team other than it 
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should be a warm or hot environment in which the participants felt heat stress may 
be an issue. 
Contact with each participant was made via email and the telephone a couple of weeks 
before the discussion group sessions. 
Each of the participants was sent a postal pack containing information one-week prior 
the session that included information about the discussion groups, an itinerary, and 
an explanation of the project's aims. 
The methodologies were not sent to the participants as their opinions may have been 
influenced prior to the session. Additionally the research team did not want the 
participants to talk amongst themselves about the methods so as to prevent any of 
the participants influencing the others. 
15.3.2 Evaluation 
All the participants arrived at the location and the experimenter gave an introductory 
presentation about the procedures and aims of the experiment. Any queries 
regarding the format of the discussion group were dealt with prior to the experiment 
starting. 
Each participant was given the two methodologies along with the associated 
instructions. Each methodology had been coded to identify the participant and the 
order of application. This also enabled the experimenter to ensure all methodologies 
had been returned. 
Participants were given time to read through both the instructions and each method. 
They were asked not to discuss it amongst themselves. 
When they were all ready the participants and the experimenter went to the site of the 
observation assessment. Half the participants were asked to use Method A first and 
then use Method B and visa versa. This provided a balanced design and ensured 
that there was no order effect. Therefore, both methods were used at each site. 
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In the Paper Mill, where two sites were observed, the participants were given new 
methodologies and required to reverse the order that they had used for the previous 
site. 
Figure 46 Participants in Paper Mill user trials 
To meet the health and safety requirements at the steel mill the participants and the 
experimenter were only allowed to remain in the furnace for a maximum of 10 
minutes. Therefore the participants were asked by the experimenter to consider the 
categories in each methodology and to complete the methodologies upon exit from 
the furnace. 
Figure 47 Stills taken from user trials at steel mill. Left photograph shows a worker using a 
pickaxe to break the slag on furnace floor, on the right workers rest with factory doors open to 
the rear. 
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All completed methodologies were collected prior to the discussion groups 
commencing. 
15.3.3 Post Evaluation - The Discussion Group 
The experimenter acted as the moderator. Usability criteria questions were asked, and 
the users discussed the merits of each methodology based on these criteria. They were 
also required to make direct comparisons between the two, based not only on the 
usability criteria but also on the practicalities of using them, interpreting them and the 
likelihood that they would be able to introduce controls as a result of each method. 
15.4 Results 
All data was to be transcribed and coded according to usability themes, preferences etc. 
The sample size was relatively small and that the representative users only came from 
two industries. It is recommended that the proposed method is tested throughout a 
number of industries and with a much larger sample size to ensure it meets all their user 
and functional requirements. 
Because of the discussion groups the following points were identified: 
1. Both discussion groups preferred the Bethea and Parsons method to the 
Malchaire method. 
2. Malchaire's method was considered the easiest to use, but all the participants 
considered it too simplistic and with too little information to be of practical 
use. They also felt that it would be the least likely method to get results 
accepted by management. 
3. The Bethea and Parsons method was considered more difficult to use, but 
this was soon overcome after using the scenario and the first assessment. All 
the participants preferred this method, however a number of issues were 
raised: 
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4. The components of work rate were difficult to interpret. 
5. Users would prefer descriptions of the types of work. 
6. Participants wanted descriptions of the different parameters in language that 
they might understand. "What is humidity and how do you know if it is 
humid? " was one example given. This was a criticism of both methods. 
7. The descriptions of the clothing based on material, movement etc was at 
times confusing. The participants recommended using descriptions of 
clothing instead. 
8. All the participants thought the inclusion of worker health status in the 
Bethea and Parsons method was important. 
9. Scenarios, such as that provided in the Bethea and Parsons method should be 
included. In the final version, they would like more than one example 
scenano. 
10. The longer time taken to complete the assessment using the Bethea and 
Parsons method was not considered problematic. This was considered 
acceptable as it provided more information than the Malchaire method. 
11. The scores for each workplace were very similar for each method, but 
between workstations the Bethea and Parsons method's OVERALL 
ESTIMATE OF RISK was not sensitive enough to show the increases in 
actual risk. The process of obtaining a single risk figure requires more 
development. 
12. The Bethea and Parsons method was considered to more closely resemble 
qualitative risk assessment than the Malchaire method. 
13. The Bethea and Parsons method was considered to be the better of the two 
for communicating the parameters to be considered to the users. 
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14. The layout and spatial orientation of the Bethea and Parsons method was 
preferred, although a couple of the participants found the landscape 
orientation a little difficult to follow after the Portrait orientation of the 
instructions 
15. The Bethea and Parsons method was considered to be more flexible to the 
user requirements. 
16. All the participants expressed more confidence in the Bethea and Parsons 
method. 
17. Added to this more specific data was obtained. This is detailed in the 
following tables, which show the original design decision, and the new 
design decisions along with the rationale that was provided by these user 
trials. 
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PART VI 
STAGE 5 (PART TWO) A 
Practical Heat Stress Assessment 
Methodology 
The following is recommended for inclusion in heat stress guidance. It is intended to 
compliment the methodology by addressingjhe information needs of all the potential 
users - employees, assessors, health and safety personnel and managers. 
PART VI contains Chapters 16 to 20 and presents the culmination of the research 
presented in this thesis. In addition to the final observation checklist, it also provides a 
format for the development and presentation of information as part of any possible 
future HSE Guidance. 
Chapter 16 Management of Heat Stress provides basic information for managers to 
aid in the allocation of resources and the development of training programs for the 
assessment of heat stress. . Chapter 17 Assessment of 
Heat Stress is intended for 
those people who may be required to conduct heat stress risk assessments. Chapter 18 
(Control of Heat Stress) provides an overview for those tasked with controlling the 
risk of occupational heat stress. 
Chapter 19 Qualitative Assessment Protocol: This chapter provides a two part (A 
and B) Observation Checklist. This is the primary outcome of this research project: 
Chapter 20 (Quantitative Risk Assessment Record Sheets) was another requirement 
identified through stakeholder engagement. Here a number of job aides (or aide 
memoirs) are provided as specimen record sheets. 
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Chapter 16 Management of Heat Stress 
16.1 Understanding Heat Stress 
0 What is heat stress and what are its consequences? 
0 How can heat stress affect people's health? 
0 Heat stress related illnesses 
16.2 Commit to Action - why and how to use 
this guidance 
0 Application of this guidance 
0 Heat Stress Guidance Aims 
0 Benefits of Intervention 
" Management Commitment 
0 Supporting Policies and Systems 
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16.3 Create the Right Organisational 
Environment 
The following will help ensure that your organisation is able to adapt the generic 
requirements of heat stress risk assessment to the specific requirements of your 
organisation. 
0 Participation and involvement 
0 Communication - include reporting and follow-up procedures 
0 Competence of employees - ensure the people are given the knowledge 
tools, training and equipment required to be competent in their given 
tasks. 
16.4 Is the risk of heat stress recognised in your 
workplace? 
" Does management have in place methods for assessing and controlling 
heat stress? 
" What impact does heat stress have on your company? 
0 Are there adequate management systems and policies in place aid in the 
assessment and control of heat stress 
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16.5 Commit to ACTION - why and how you 
can use this guidance 
Recognising that your employees may be at risk from heat stress is not enough. It is 
essential that you take action to manage the risks. To do this you will be required to 
develop a framework within which a formalised heat stress management, assessment 
and control program is carried out. 
" You may need to train and/or re-train staff. 
0 Health surveillance and medical screening may also be required. 
0 Adequate and appropriate risk assessment procedures will be essential. 
0 Working habits and current practices may need to be reviewed and, where 
necessary changed, to meet your obligations to control the risks your 
employees may face. 
Therefore, this guidance is not just concerned with providing information to those who 
might be conducting the risk assessment, but also to the managers. It will be the 
responsibility of the mangers to ensure that the company adapts, as necessary, to reduce 
or eliminate the risk of heat stress amongst the employees. 
16.5.1 Application of this Guidance 
The industries where HSE considers use of this guidance is appropriate are listed. The 
list is not exhaustive but provides examples of areas where there may be problems. 
0 Glass manufacturing plants and drying operations in glass-wool 
manufacture; 
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" Mining, tunnelling (e. g. compressed air) etc; (although mining has an 
established code of practice) 
" Conventional and nuclear power plants - Sweeper and maintenance tasks; 
0 Foundries and smelting operations; 
0 Brick-firing and ceramics operations; 
0 Rubber and rubber product production plants; 
0 Electrical utilities (particularly boiler rooms); 
0 Bakeries, confectioneries and catering kitchens; 
0 Laundries and ironing in dry cleaning shops; 
" Food canneries; 
0 Chemical and Petrochemical industries; 
Heat stress may also be a risk in cold or frozen environments if workers are wearing 
clothing with high insulation values while undertaking heavy physical activity. Some 
work activities will carry an increased risk of heat stress. These will require special 
considerations and safe systems of work. For example: high radiant temperatures, 
wearing a high protection factor PPE, etc. 
16.5.2 Heat Stress Guidance Aims 
The overall aim of this guidance is to provide the necessary information, tools and user 
job-aids to help in the systematic identification, evaluation and prevention or control of 
heat stress in industry. The specific aims of the guidance are: 
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1. Provide a systematic approach to all aspects of the management, assessment 
and control of heat stress; 
2. Provide guidelines based on current heat stress standards, best practice and 
published information; 
3. Provide clear statements on the recommended physiological limits for 
working in the heat; 
4. Provide and ensure mechanisms of recording keeping (e. g. record sheets 
etc. ); 
5. Provide information on control procedures for the different hazards that are 
associated with heat stress including, high radiation, high humidity, high 
metabolic rate, health status etc. 
16.5.3 Benefits of Intervention 
The benefits to employers and employees from managing, assessing and controlling 
heat stress are illustrated below 
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Figure 48: Benefits to the organisation and your employees of reducing the 
risk of heat stress in your company 
16.5.4 Management commitment 
It is vital that in organisations where heat stress is a risk, that management provides a 
visible commitment to the health and well being of their employees. In many industries, 
heat stress may only occur during unscheduled repair and maintenance work. When this 
occurs, it is vital therefore that management considers the possible impact on production 
costs due to "down time" of equipment against the risk of heat stress to the employee. 
You may be required to justify sending the employee into a high-risk area. 
"We have always done it like this" is not an adequate response to the lack of, or 
inadequate provision of, a heat stress program- In organisations where heat stress is a 
risk, management must take the initiative to ensure that the "war it has always been 
done" is safe and appropriate. Where necessary new safety and or production 
procedures should be implemented. Staff should be provided with adequate training. 
This can be facilitated through the good communication, thereby engendering a sense of 
ownership, employee participation and common goal setting. 
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16.5.5 Supporting policies and systems 
If heat stress is a risk, then it should be part of the day-to-day planning and operation of 
the organisation. For example, where unscheduled repairs may be required, overall 
changes to production quotas, availability of trained staff and equipment, medical 
supervision etc should all be considered in the business planning. Additionally, other 
health and safety considerations may also need to be included. For example, where 
people are exposed to a risk from exposure to harmful chemicals and heat stress, the 
correct donning and doffing of PPE should be ensured, while meeting the work/rest 
criteria that may be in place to reduce the risk of heat stress. 
16.6 Create the right organisational 
environment 
16.6.1 Proactive management: Look, Listen and Respond 
Unless someone collapses from heat exhaustion, the possible health effects of working 
in the heat may not be obvious. Therefore, the onus is on management to identify 
whether those employees who may be at risk from heat stress are suffering from any 
heat related illnesses. The following mechanisms may be some of the ways of doing 
this: 
1. Look for patterns in the absenteeism rates, types of illnesses and their 
frequency of occurrence, the nature of employee complaints, etc. Take 
particular note of where the employee may work, their job, how experienced 
they are, whether any illnesses are recurring etc. 
2. Read through any RIDDOR reports and any internal accident or injury 
reports. Are there any patterns to the nature of reportable accidents or 
injuries? Could any repeated accidents be attributed to the effects of heat 
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induced physiological or psychological performance decrements (e. g. 
fatigue, loss of concentration, etc. ); 
3. Speak to employees, their representatives (e. g. unions), to managers in other 
companies that are involved in the same business as your organisation, 
contact industry federations or associations etc. 
16.6.2 Communication 
Good communication is not only about what you tell your employees; but also what 
your employees tell you. Good communication is essential to ensure that everyone is 
aware of the risk of heat stress. The flow of information though should not only be 
vertical. People who may be involved in the procurement of PPE, for example should 
now about heat stress and how PPE may effect the ability of the wearer to 
thermoregulate. As such horizontal communication between departments should also 
be encouraged. 
Mechanisms for improving communication may include, internet based source material 
for all employees, email messaging, bulletin boards and posters, training seminars, 
structured discussion groups etc. Seminars or meetings could also be employee led, 
where the employees provide the agenda. 
16.6.3 Provide adequate training to ensure competency 
The need for training and competency at all levels of an organisation needs to be 
considered in terms of the management, assessment and control of heat stress. Lack of 
competency at any given organisational level risks the overall effectiveness of any 
safety system that addresses heat stress. Different competencies may be required for 
different organisational levels. People therefore should be competent to prevent or 
reduce the risk of heat stress within their technical area of responsibility. 
The nature of heat stress is that it is often a risk in environments where a number of 
other hazards are present (e. g. working at height, fires, hot machinery, harmful 
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chemicals, asbestos, moving equipments and vehicles, confined spaces etc. ) Thus any 
training should ensure that any other hazards are considered with heat stress. 
For Example -A chemical manufacturing plant 
People who wear impermeable chemical protection PPE may feel hot during a particular task. As a 
result they may loosen their clothing in an attempt to cool down thus exposing them to the chemicals. ' 
Therefore, any training should include the need to wear PPE correctly. 
Risk assessment should include the need to wear the PPE and how it may affect the ability to 
thermoregulate. 
Although it is not possible to cover all possible considerations, a specimen competency 
and training requirement checklist is provided in Section 17.4 on page 291. 
Communication with your staff may facilitate the identification of other considerations 
that may not be covered. 
16.6.4 Allocation of Responsibilities 
It is here that importance of communication, proactive management and the provision of 
training is implemented. The ability to respond to the overall risk of heat stress, and to 
more specific occurrences such as a heat stress causality will be dependent on every 
individual involved knowing what their role is. 
For Example -A factory producing motor vehicles 
After painting, cars are pulled on a train through a drying kiln: 
Occasionally, one of the cars becomes loose from the train causing a kiln wreck to occur. 
The ear needs to be placed back on the track so that the drying process can resume. This can only be 
done by employees entering the kiln and doing it: 
The kiln is a confined space and as such, access in the event of an emergency is limited: Therefore 
emergency withdrawal criteria 
for the workers who may be working to repair the wreck may need to 
be in place, supplementary to any heat stress risk assessment and working practices.. ' = 
What happens if an employee collapses or is injured? Employees must know what their role is. What 
happens is the team in the kiln cannot rescue the collapsed worker? Who else goes in? Does anyone 
else go in? How long do they go in for? . 
What resuscitation procedures are in place? How will they 
be cooled down quickly etc. ' 
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Chapter 17 Assessment of Heat Stress 
17.1 What is heat stress? 
To keep our deep body temperature at about 37°C, we attempt to regulate the amount of 
body heat we lose to the environment. This "heat balance" is essential for our health 
and well being. Heat stress occurs when we cannot maintain heat balance, and deep 
body temperature starts to rise. Sweat loss and heart rate also increase as a result. The 
resultant physiological responses are collectively known as heat strain. 
Our ability to maintain heat balance is dependent on our "human thermal environment", 
which is comprised of six parameters: 
1. Air temperature 
2. Radiant temperature 
3. Air velocity 
4. Humidity 
5. Clothing 
6. Metabolic rate 
A heat stress risk assessment requires all six of these parameters to be considered. Air 
temperature alone cannot be used. In hot working environments, the clothing properties 
and activities causing metabolic 
heat production are also very important. 
When the body cannot eliminate excess heat through increased blood flow and the 
evaporation of sweat, deep body temperature rises. 
Another potential consequence of 
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heat stress is that excessive sweat loss may lead to dehydration. If heat gain or water 
losses are not controlled, heat stress will occur. 
Through the systematic evaluation of risk, and the implementation of appropriate 
controls, physiological responses to heat can be kept at safe levels. 
17.2 How can heat stress affect people's health? 
Heat stress may result in deterioration in mental performance, such as poor 
concentration, confusion, and reduced motivation. This may lead to increases in unsafe 
behaviour and accident rates. Mild, moderate and acute "heat stress related illnesses" 
might follow, if heat balance is not restored. These illnesses may manifest themselves 
with a variety of symptoms including dehydration, heat cramps and heat exhaustion. 
Heat stroke is the most severe disorder and may result in death. 
The symptoms of heat stress vary according to the severity of the stress and the nature 
of the heat stress related illness that someone may be experiencing. Some people may 
also be more susceptible than others. Important factors in determining susceptibility to 
heat stress are health status, experience of the job and/or environment, and acclimation. 
People at most risk include: new and expectant mothers, people with existing or recent 
heat related illnesses, people with certain diseases (e. g. cardiovascular disease), people 
who are obese, people on certain types of medication e. g. beta blockers, diuretics, etc. 
Health surveillance and input from a medical expert will ensure that your workers are 
not at added risk due to their health status. People should not 
be excluded on criteria 
based solely on their age or gender. Although in extreme environments, age and gender 
may predispose some workers to greater risk. 
This should be part of the risk 
assessment. 
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17.3 5 Steps to Heat Stress Risk Assessment 
As shown in Figure 45 on page 255, a decision cascade approach to the assessment of 
heat stress is recommended. Each stage (shown by the green boxes) of the sequence 
requires a decision to be made based on the findings of that stage. If a risk of heat stress 
is identified, then the next step in the assessment process is undertaken. Each stage 
provides a more complex methodology as the limit values in the pervious method are 
exceeded. Essentially, the risk assessment methods are meant to identify the highest 
risk possibility for which that method is valid. For example, if the limit criterion in the 
first method is exceeded by the work situation being assessed, then a more detailed 
analysis is required. This problem solving process allows control measures to be 
implemented that may be appropriate for that level of risk. It also allows for simple 
assessment methods to be used for simple heat stress problems. The more complicated 
a heat stress problem is, the more complicated the heat assessment method needs to be. 
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The assessment of heat stress involves more than one assessment method. The 
following describes how this step-by-step approach fits into HSEs 5 Steps to Risk 
Assessment. 
Look - Visually inspect the workplace to identify heat stress hazards 
STEP 1: 
(e. g. looking for a heat source, are workers wearing PPE etc? ) 
Identify Read through accident and productivity reports. Can any accidents be attributed 
Hazards to heat stress (e. g. fainting, confusion, poor concentration etc)? Do 
accidents increase during periods of hotter weather? 
Listen to your workers. They are experts in their jobs. 
Inexperienced workers, young workers, trainees, contractors, cleaners, 
maintenance workers and visitors may require training. 
Experienced workers with infrequent exposures may also require training. They 
STEP 2: may be used to the job, but not to working in the heat. 
Decide who Health status of workers is important. Identify those who might be added risk to 
might be heat stress? Consult a physician if you are unsure. 
harmed and What happens if things go wrong? Put emergency procedures in place. how Rehearse emergency procedures. Consult a physician if you are 
unsure. 
Plan for the unexpected. Consider the nature of the task, where it is being 
performed, what the hazards are and what sorts of things may go wrong. 
Establish a chain of command. 
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Think before you start - Is it necessary to work in the heat? Can the job be 
redesigned? Can the environment/PPE/work rate be changed? 
Planning and training are crucial 
Conduct a risk assessment and interpret the results. Use the following methods 
in your heat stress risk assessment: 
STEP 3: 
Evaluate Basic Risk Assessment to Identify Hazards 
risks and Qualitative Risk Assessment using the Observation Checklist 
decide 
whether 
Quantitative Risk Assessment using the WBGT index 
existing Draw up an action list. Can you get rid of the hazard all together? 
precautions If not, how can you reduce the risk of heat stress? A possible order for problem 
are solving may include: 
adequate or 
should more 
Try a less risky option - e. g. wait for the temperature to reduce; 
be done Prevent access to the hazard - e. g. only acclimatised workers; 
Organise work to reduce exposure - e. g. work-rest schedules, job rotation, team 
rotation, more workers on job; 
Issue personal protective equipment - e. g. aluminised garments for those 
exposed to high radiant temperatures; 
Provide welfare facilities - e. g. first aid and emergency procedures. 
Implement a formal reporting procedure that is incorporated into current risk 
Step 4: assessment reporting procedures for other hazards. Record measures 
Record your taken, indices used, and outcomes. Describe interpretation of 
Findings assessment. Report any communication between medical experts, 
thermal experts etc. Record findings of discussions with staff, review of 
accident statistics, productivity variations etc. 
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Review control options and implement controls where appropriate. 
Do your employees think there is still a problem? Has there been a reduction in 
unsafe actions, accidents, illnesses, absenteeism etc? Has there been Step 
an 
Review your 
an increase in productivity, worker satisfaction, etc? 
assessment Frequent Exposures: Be aware that new equipment, new manufacturing 
and revise if methods, new 
PPE, etc, may all contribute to a change in the risk of heat 
stress. If any changes significantly alter the risk of heat stress, conduct necessary a heat stress risk assessment; 
Infrequent Exposures: Conduct a risk assessment prior to each exposure. 
Ensuring your controls are in place, that training has been given, 
emergency procedures are in places, etc. 
17.4 Training and Competency 
It is not possible to detail in this guidance what constitutes "adequate training". 
Thermal environments, work rates and clothing worn vary greatly and as such, the 
training requirements will vary. Where a shortfall is found between competency and 
what is required, provide appropriate training. 
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Consider the following questions. Inability to answer any of the 
questions may indicate that the required level of competency is not 
in place and that additional training may be required. Training 
needs of managers who will manage the heat stress program: 
Can they answer 
the question? 
(Yes/No) 
What is heat stress? 
What are the consequences of heat stress? 
Has a heat stress program been implemented? If YES, what does 
it involve? 
How does the need to manage, assess and control heat stress falls 
into your current health and safety management system? 
What resources are required to enable the adequate assessment 
of heat stress? 
What are the training needs of staff? 
Why is health surveillance and medical screening important for 
people who may be at risk from heat stress? 
Other 
Training needs of those assessing heat stress: 
What is heat stress? 
What environmental parameters need to be measured as part of a 
heat stress risk assessment? 
What does WBGT mean? How does it work? 
Wh and how do you estimate metabolic rate? 
Wh and how do ou estimate clothing insulation values? 
What are the physiological responses to heat? 
What is dehydration and why is it important? 
How may heat stress affect performance and well-being? 
How much fluid should your employees be drinking to reduce the 
risk of dehydration 
Why and how do you measure physiological responses to heat 
stress? 
Can you accurately interpret the results of you assessment? 
Are you competent to take physiological measurements? 
Other 
Training needs of those who may be at risk from heat stress. 
Include all workers for all sorts of tasks, e. g.: contractors, 
com an em lo ees infrequent jobs and if appropriate visitors 
What is heat stress? 
Are ou drinking enough water? 
What are symptoms of heat stress? 
Are ou fit to work in the heat? 
When was the last time you had heat stress awareness training? 
What should you do if you think you may be suffering from heat 
stress? 
If a workmate collapses from heat exhaustion, what should you do? 
What is our role in an emergency? 
How can you change your behaviour to reduce the risk of heat 
stress? 
Other 
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17.5 Identify Hazards 
Use the table below to identify whether there may be a risk heat stress risk to your 
employees. Please note that this is a basic checklist and does not replace an adequate 
heat stress risk assessment. Read the descriptions for each potential hazard, and tick the 
appropriate box. If you tick 2 or more "YES" boxes there may be a risk of heat stress 
and you should carry out a more detailed risk assessment 
1. Visually inspect the workplace to identify hazards that may pose a heat stress 
(e. g. looking for a heat source) or by physical measurement of the 
environment. 
2. Reporting of accidents attributed to heat stress (e. g. fainting) and analysis of 
accident reports. 
3. Management and the risk assessor can investigate other than accident reports 
e. g. 
4. Productivity reports to identify possible productivity reductions 9ie seasonal 
effects) etc 
5. Absentee rates, worker complaints, illness reports in medical records 
6. Worker representatives (Unions) reporting of worker complaints. 
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Chapter 18 Control of Heat Stress 
18.1 Engineering Controls 
These should be the first choice to reduce or eliminate the hazard. Examples may 
include: 
1. Ventilation and the use fans. Permanent or temporary ventilation can be 
used to reduce ambient air temperature and humidity. The ventilation may 
be local or global. 
2. Shielding workers from radiation using shields, insulation or surfaces with a 
reduced thermal emissivity to reduce radiant heat load. 
3. Reducing metabolic rate through the introduction of mechanical aids, 
technological changes, job redesign and/or reallocation of work is the most 
effective method for reducing heat stress. 
Although the initial cost of engineering controls seems high, it has been found that the 
implementation cost is often offset by the resultant improvements to production and 
decrease in downtime. 
18.2 Administrative Controls 
Administrative controls include planning and rescheduling work times and practices and 
rest schedules. They are also widely recognised as being more expensive and less cost- 
effective than engineering controls in the long-term examples include: 
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18.2.1 Rest Areas 
Provision of adequate rest facilities to allow workers to recover from working in heat 
stressed environments such as: 
1. Providing cool (e. g. air conditioned) rest areas. As a guide a temperature of 
about 22°C would be adequate. 
2. Locate the rest area, as near as possible to the work place to allow rapid 
access. 
3. Enforce shorter but frequent work rest cycles as long as the workers did not 
display heat stress symptoms or show excessive increases in heart rate and/or 
core body temperature. This is especially the case should the climatic 
conditions change (i. e. become hotter or more humid). 
18.2.2 Work Load Reduction 
Where possible the work rate of the worker should be reduced to reduce internal heat 
production this can be achieved by using the following strategies: 
1. Allocate additional workers to provide relief to those working in the heat 
2. Adjusting and adapting work rest schedules to the actual working conditions. 
The allocation of work rest schedules must meet the requirements of the 
workers. Outdoor work will be more susceptible to climatic changes than 
indoor work. An example would be reducing work times and increasing rest 
times on hot and/or humid days. 
3. Where possible, schedule work peaks to be performed during the coolest part 
of the working day and/or shift. 
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18.2.3 Buddy system 
Working alone in an area of risk of heat stress should be avoided. The following 
systems may be introduced to reduce the risk to workers and ensure that if a worker 
. does become a 
heat stress casualty, that help is close at hand: 
1. Train all personnel in detecting the early signs of heat strain, how to respond 
to an emergency situation, then supervisors and fellow workers can observe 
each other while working in the heat. 
2. Workload sharing and redistribution of tasks within multi-person work crews 
may help to ensure workers are never alone while at risk from heat stress. 
3. In extreme environments it may be necessary to provide a `hot' worker with 
a "buddy" who is in constant verbal and visual contact with the worker. 
Where possible place the buddy in a cooler area and/or not performing any 
work. The roles can be reversed at intervals during the shift so that they 
each have a chance to rest and to work the shift. Where possible a 
supervisor or fellow worker should periodically check on the workers 
throughout the shift. 
18.2.4 Implementation of Personal Protection Controls 
Personal Protective Equipment (PPE) is considered to be a "last resort' 'to protect 
workers from the hazards in the workplace 
(PPE Regs, 1992). The problem with PPE is 
that it reduces the body's ability to evaporate sweat. Additionally, 
if the PPE is 
cumbersome or heavy it may add to their metabolic rate and 
increase the heat being 
generated inside the body. Since sweat evaporation 
is the driving force for the loss of 
heat from the body it means wearing PPE in warm/hot environments and/or with high 
work rates may increase the risk of 
heat stress. Therefore when assessing the use of 
PPE in a risk assessment you need to consider: 
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1. Removal of PPE after exposure will also prevent any latent heat that is in the 
clothing from continuing to heat the worker. 
2. The workers PPE clothing must be assessed in terms of use of PPE cooling 
systems in thermal environments of its thermal insulation value and air and 
vapour permeability (see "BS 7963: 2000). 
18.2.5 Types of PPE that protect against heat or can cause 
heat stress 
Typical examples of PPE are: 
1. Aluminium-asbestos clothing the outside is made from aluminium and the 
inside lining is cotton and is used in establishments such as foundries. 
2. Flame retardant welding and foundry clothing and is mainly made of flame 
retardant cotton and wool materials. Chrome leather is used for aprons etc. 
3. Chemical and vapour suits 
4. Chainsaw protective clothing 
5. Gloves (when worn in hot environments) 
6. Filter self-rescuers 
7. Helmets 
Additional means of protecting workers wearing PPE are the wetting 
down of clothing. 
" The benefit of doing this is that it increases evaporation of water from the 
surface of the garment, thereby increasing temperature transfer from the 
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skin through the clothing. The increased surface area of the clothing also 
increases the evaporation rate. 
0 When implementing this strategy it is recommended that clothing be 
wetted just before or just after exposure. In areas of very high radiant 
heat (e. g. 42 kWm'2) 35 ml of water needs to be evaporated per second to 
maintain a clothing surface temperature below 100°C. Therefore for an 
exposure of 5 mins per 10.5 litres of water would be required. 
" For areas where radiant heat levels cause clothing surface temperature to 
exceed 100°C. A moisture barrier within the clothing may be required. 
" Although wetting delays the charring of clothing it increases the weight of 
the clothing. This places a heavier metabolic burden on the worker due to 
the increase in weight of the PPE. Also it may be necessary to wet the 
clothing at intervals during the exposure. Use of salt water should be 
avoided as salt build-up may affect its performance if the garment is 
vapour permeable. 
18.3 Personal heat stress hygiene practices 
There are various practices that workers can undertake to help reduce their risk of an 
adverse reaction to heat stress these are, preventing the risk of dehydration, self 
regulation and diet. 
18.3.1 Dehydration 
In normal, moderate heat and moderate exercise conditions a considerable amount of 
water is lost through urine, sweating, respiration and, to a lesser extent, faeces. This 
means that to prevent dehydration, people need to drink approximately 2.5 litres of 
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water every day. In hot conditions, and in situations where the work rate is high, they 
need to drink up to 3.5 litres. 
As dehydration has a cumulative effect over a period of time, a rehydration regime is 
vitally important. The reason for this is it may take two to three days for a person to 
rehydrate after fluid loss of 4% to 7.5% of body weight. For example a 3% loss of body 
weight results in a reduction in sweat rate and skin blood flow. 
Providing a drinking water supply is crucial to reducing the risk of heat stress amongst 
your employees; 
1. Employers need to ensure a constant supply of cool water for workers in 
areas where they may be exposed to heat. The temperature of the water 
should ideally be at about 15°C. 
2. Workers need to be educated in the importance of drink water frequently 
during their work and encouraged to do so, e. g. by taking designated water 
breaks and other rest breaks. Individual drinking cups/bottles should be 
provided. 
3. Frequent drinking helps prevent bloating and also establishes the need to 
drink frequently as a habit. 
4. To reduce the risk of dehydration, the amount of water consumed should be 
roughly equal to the amount of sweat lost. This can easily be determined by 
weighing the workers nude or semi-nude pre and post exposure and/or pre 
and post shift (assuming weighing facilities are available). Their weight 
should remain about the same. 
5. Workers should drink small amounts of water as frequently as possible. The 
HSE advice is where practicable when working hard, to drink 250m1 (half a 
pint) every 15 mins or 500m1 (a pint) every 30 mins. If this is not possible, 
then they should drink 500m1 of water per hour of work before the work 
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commences. They should also be encouraged to drink about 500ml of water 
during their rest periods. This may meet their fluid demands during the work 
period but if water loss is significantly greater then water intake should 
increase proportionately. 
6. Employees should be encouraged to salt their food at meal times when 
medically appropriate as this is the best way to replenish the salt lost during 
sweating. 
7. It is important to note that even if workers replenish the lost sweat with equal 
amounts of water, they may still be susceptible to dehydration due to salt 
losses caused by excessive sweating. Workers do not replace all the water 
that they have lost through sweating. 
8. Sweating may be exaggerated due to PPE. 
Limit of dehydration 
Weight Loss (kg) 
Level of Dehydration 
(as % of 70 kg body 
wei ht 
Degree of Distress 
2 3% Some physiological upset 
3.5 5% Risk of heat/dehydration exhaustion 
5 7% Dangerous hallucinations 
7 10% Very dangerous high risk of heat stroke; 
total incapacitation likely 
Although not reliable, (as urine may be coloured by certain foods, e. g. beetroot) the 
colour of urine can be used as an informal indicator of hydration status. The darker the 
urine the greater the dehydration and therefore the greater the need to rehydrate. 
18.3.2 Diet 
1. A well balanced diet ensures that workers maintain the good health they 
require to work in the heat. 
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2. The amount of salt in a normal diet is usually sufficient to meet the salt 
demands placed on the body due to excessive sweating. 
3. If a worker has had their salt intake restricted due to a physicians order, the 
physician should be consulted. 
18.4 Medical/Health surveillance 
When workers are operating in heat you may need to consider some form of medical 
surveillance in particular: 
18.4.1 Health Status 
1. Chronic illness e. g. heart, liver, kidney and lung disease lower the ability to 
tolerate heat, increasing susceptibility to heat related illnesses. The drugs 
that are prescribed for these conditions, as well as other medication may also 
have the same effect. 
2. Workers and supervisors should be made aware of the need to report any 
chronic illnesses or medication they are taking to their supervisor and the 
appropriate occupational health physician. If an occupational heath 
physician is not available, they should tell their own physician about heat 
exposures. 
18.4.2 New and Expectant Mothers 
New and expectant mothers should be given special consideration: 
I. During pregnancy symptoms of heat stress are fainting or dehydration. In 
particular during the first trimester when morning sickness occurs. The risk 
is likely to be reduced after birth but it is not certain how quickly an 
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improvement comes about and breastfeeding may be impaired by heat 
dehydration. 
2. Workers should also be made aware of the need to report any acute illnesses 
(e. g. cold, influenza, fever, vomiting or diarrhoea) to their immediate 
supervisor. 
18.5 Physiological monitoring 
This is the final part of the risk assessment and control strategy. It can only be used 
once an appropriate heat stress risk assessment has been carried out using current heat 
stress standards (e. g. BS 27243 and BS 12515) and once all appropriate heat stress 
control measures have been employed. The following are some of the factors, which 
should be considered: 
1. Use of physiological monitoring equipment and data interpretation must only 
be performed by competent staff. Improper use and/or misinterpretation of 
data may significantly increase the risk of heat stress due to erroneous 
results; 
2. Real-time observation of data is required for health monitoring of workers in 
moderate to high heat stress situations; 
3. Care should be taken to ensure that the operating range (i. e. the environment 
in which the equipment will be used) is within the equipments design limits. 
Where environmental conditions are outside the manufacturer's stated 
operating range, adequate insulation of equipment is provided; 
4. The measures taken must be appropriate to the thermal environment and the 
risk of heat stress (see BS EN ISO 9886 (2001)); 
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5. All equipment should be regularly calibrated (as per manufacturer's 
instructions) with a recognised calibration agency or laboratory; 
6. Any equipment monitoring workers wearing PPE should be validated prior 
to its use. Specifications as to its accuracy, range, sensitivity, operating 
environment, etc. should be supplied. This sort of system may be used as a 
monitoring system and when validated as a system for establishing work/rest 
schedules etc, when used by an expert in human thermal physiology. 
7. Medical supervision of people exposed to heat must be carried out to assess 
suitability and identify any reasons for not being permitted to work in that 
environment. When this occurs it should be by suitably qualified medical 
personnel on a regular basis with substantial experience of occupational 
heath factors associated with working in these environments (see ISO/FDIS 
12894 (2001)). 
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Chapter 19 Qualitative Assessment Protocol: 
The Observation Checklists 
The Observation Checklist consists of two separate parts: 
1. PART A: Personal Risk Factor Checklist 
2. PART B: Observation Checklist for Heat Stress Risk Assessment 
19.1 PART A: Personal Risk Factor Checklist: 
Is concerned with heat intolerance and heat stress susceptibility. A preliminary 
observation tool it is intended to aid in the identification of possible "at added risk" 
workers who, due to a personal risk factor, may have an increased susceptibility to heat 
stress. This checklist is not intended to replace a medical examination. The indicators 
listed may be representative of temporary and/or permanent conditions and careful 
consideration of each individual case following a medical should be applied before 
restricting work. There may be additional indicators that are not listed that could 
increase the risk of the worker experiencing heat stress. If in doubt, seek advice from a 
physician. 
Apply checklist to those workers who are to be exposed to hot working environments. 
Tick checklist either YES or NO. Any YES answer may indicate an increased risk heat 
stress. 
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Personal Risk Factor Indicators 
I ]eat related personal risk factors 
History of heat stroke 
YES 
History of inability to acclimatise 
Inexperience of working in the heat 
Not skilled at specific job 
Just returned from illness or leave 
Worker is not acclimatised 
Pre-existing or recent illness (e. g. Vomiting, diarrhoea etc. ) 
On a restricted or low sodium diet 
Skin trauma such as sunburn, heat rash etc. 
Pre-existing or recent heat related disorder & illnesses 
Heat Stroke 
YES 
Heat Exhaustion 
Heat Syncope 
Heat Cramps 
Heat Rash 
Anhydrotic Heat Exhaustion 
Hyperventilation 
Heat Fatigue Transient 
Heat Fatigue Chronic 
Medication and other drug use 
Beta-blockers 
YES 
Antihistamines 
Diuretics 
Cholinergics 
Recreational 
Alcohol 
Other (check with h sician for side effect) 
(jeneral health status of " 
Cardiovascular disease 
Obesity: Males >25% overweight, Females >30% overweight 
Other (check with physician for effects of heat) 
Low physical fitness 
Inability to sweat 
_ Skin disease 
Pregnancy (poses potential risk to the unborn baby) 
impaired mental capacity 
other (check with physician for effects of heat 
305 
19.2 PART B: Observation Checklist for Heat 
Stress Risk Assessment: 
Is a direct observation tool, that requires you to observe the workers closely, paying 
particular attention to the thermal environment in which they are working, the clothing 
they are wearing and the nature of the work they are doing. 
Each checklist represents one of the six basic parameters. Each parameter is described 
according to a number of risk scores; where the higher the score the higher the risk that 
it may contribute to heat stress. Observe the environment, taking note, of the 
descriptions provided, and tick the box (on the right) next to the description that best fits 
the workplace you are observing. This will provide you with a risk score for that 
parameter. 
If you do not see a description that best fits the work situation you are assessing, or are 
unsure, then tick the "Don't know" box at the bottom of that table. This introduces an 
uncertainty into the assessment and requires that you conduct a more detailed qualitative 
assessment. 
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Air temaerature 
AIR TEMPERATURE EXPLAINED 
The temperature of the air surrounding the human body 
Estimate Risk of Air Temperature contributing to Heat Stress: 
Consider the temperature of the air surrounding the worker and read the subjective descriptions below. 
Can you provide a subjective estimation of the air temperature? YES / NO 
If YES, tick the box that best fits the air temperature you are evaluating. If you think that more than one air temperature 
is present then tick more than one box. 
If NO, tick 'Don't Know' and conduct a quantitative heat stress risk assessment. 
Description and things to look out for SCORE Tick 
-1 Cool 
0 
Neutral 
Slightly warm 
2 
Warm 
3 
Hot 
4 
Very Hot 
Don't know 
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Thermal Radiation 
THERMAL RADIATION EXPLAINED 
Thermal radiation is the heat that is given off from a warmer to a colder object. 
Radiant heat may be present if there are heat sources in an environment. You can see radiant heat. Look for any heat 
sources in the environment. Examples may include; the sun, fire and flares; electric fires; furnaces; hot surfaces 
& machinery, molten metals, etc. 
Estimate Risk of Radiant Temperature contributing to Heat Stress: 
Observe the surroundings and look for sources of heat. Consider how close the workers are to these heat sources. 
Do they need to wear protective clothing to prevent bums? etc. Read the subjective descriptions of radiant heat 
" Can you provide a subjective estimation of the air temperature? YES / NO 
" If YES, tick the box that best fits the radiant temperature you are evaluating. If you think that more than one 
radiant temperature is present then tick more than one box. 
" If NO, tick "Don't Know' and conduct a quantitative heat stress risk assessment. 
Description and things to look out for 
SCORE Tick 
Objects colder than the surrounding air are near to worker. -1 
There are no heat sources in the environment. 
0 
Heat source is present in the environment but the workers are not working in close proximity to it. 1 
Heat source surface feels warm to the touch and you could keep your hand there indefinitely. 
Heat source surface feels hot to the touch. 2 
Worker Is working in close proximity to the heat source 
Heat source makes workers feel hot when they stand near it. 
Heat source surface feels very hot to the touch and may bum the skin. 3 
Workers cannot work in close proximity to the heat source for more than 10 minutes. 
Contact with heat source will cause burning 4 
Workers cannot work in close proximity to the heat source for more than 5 minutes. 
Workers have to wear flame resistance clothing to protect their skin from burning. Examples: 
Flares, fires and furnaces, kiln walls, etc. 5 
Workers are not permitted to work in the environment without PPE to protect them from the radiant 
heat in that environment. JDon't 
know 
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Air velocity 
AIR VELOCITY EXPLAINED 
Air velocity is the speed at which air moves across the worker. Air velocity may help cool the worker if it Is cooler than 
the environment. 
Estimate Risk of Air Velocity contributing to Heat Stress: 
Think about the temperature of the air moving across the worker. Remember that the temperature Is Important, as it 
will affect the heat loss or heat gain to the worker. 
To aid your subjective estimation of the air velocity, four categories of air velocity are provide. They are Still, Low, 
Moderate and High 
Still air, is where there is no noticeable flow of air. 
" Low air speed, is when you can just feel the air movement, but it is not as obvious as a 
breeze may be. 
" Moderate air speed, is when you can feel the air movement (e. g. a light breeze) on 
exposed flesh. 
" High air speed may be similar to the air speed on a windy day, or at or near fans or other 
machines or equipment that generate air movement. 
In considering the air movement in the work area, look for the following: 
. Is there a wind source? 
Have fans been introduced to reduce the temperature (e. g. during specialist maintenance 
work? ) 
" Can the workers feel hot or warm air blowing on any exposed skin? 
" Is the moving air colder or warmer that the ambient air temperature? 
Read all the categories before deciding on your score. 
Can you estimate the air velocity and its temperature: YES NO 
" If YES give a ranking to the air velocity below. 
" If NO, tick "Don't Know" conduct a quantitative heat stress risk assessment.. 
If more than one air velocity is observed, or if the temperature of the moving air is changing, then either tick more than 
one category or tick "Don't Know" and conduct a uantitative heat stress risk assessment. 
Description and things to look out for SCORE Tick 
Cold air at a high air speed (e. g. workers standing in front of an air conditioning unit, compressed _3 
air supply into clothing for cooling of worker - Breathing apparatus compressed air does not 
fall into this category) 
Cold air at a moderate air speed -2 
Cool air at a high speed 
Cold air & low movement -I 
Cool air at moderate air speed 
0 
Still air movement in a neutral environment 
1 
Warm air & low movement 
Still air movement In a warm environment 
2 
Still air movement In a hot environment. 
3 
Warm air at a moderate speed 4 
Still air movement in a very hot environment 
Hot air and moderate air movement 
Very hot air at a high speed. 
5 
Don't know 
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Humidity 
HUMIDITY EXPLAINED 
If water is heated and it evaporates to the surrounding environment, the resultant amount of water in the air of that 
environment will provide humidity. High humidity environments have a lot of vapour in the air and this prevents 
the evaporation of sweat from the skin. 
If workers are wearing vapour impermeable PPE, then the humidity Inside the garment increases as they sweat 
because the sweat cannot evaporate. Therefore, if workers are wearing high protection PPE that is vapour 
impermeable (e. g. asbestos, chemical protection suits etc) the humidity within the microclimate of the garment 
may be high. 
Examples. Humidity in indoor environments will probably vary greatly, and may be dependent on whether there are 
drying processes (paper mills, laundry etc) where steam is given off. Indoor environments that are susceptible to 
outdoor conditions may also be humid on humid days. Where workers wear vapour impermeable PPE. 
NOTE: Humidity is very difficult to estimate. Observing worker sweat rates to see if there is profuse sweating with 
sweat dripping from the person may be an indication of high humidity. However, it is also easy to confuse this 
with the sweating that occurs as a result of hard work. 
Estimate Risk of Humidity contributing to Heat Stress: 
Think about the humidity of the environment within which the worker is working. Remember that the humidity Is vitally 
important, as it will affect the heat loss through evaporation. 
" Is the environment susceptible to outdoor conditions, especially in summer? Are there any 
dryers? 
" Do workers complain about the humidity? 
Read all the categories before deciding on your score. 
Can you estimate the humidity? YES / NO 
. If YES, give a ranking to the humidity below. 
If NO, tick "Don't Know" conduct a quantitative heat stress risk assessment.. 
If more than one humidity is observed, or if the humidity may be changing (i. e. outdoors), then either tick more than one 
category or tick 'Don't Know' and conduct a Quantitative heat stress risk assessment 
If workers are donning and removing PPE please only select ONE option that best described the environment you are 
observing and conduct a uantitative heat stress risk 
Description and things to look out for SCORE Tick 
No humidity. Air is dry, with no drying processes or other mechanisms for increasing the humidity 0 
in the workplace. 
Humidity seems to be somewhere between very humid and very dry. 
2 
Air is very humid. Examples may be near drying machines, laundry machines, chemical processes 
5 
where steam is given off. 
6 
Vapour impermeable PPE is wom 
Don't know 
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Work Rate 
WORK RATE EXPLAINED 
Work rate is also called metabolic rate and is essential for a heat stress risk assessment. It describes the heat that the 
we produce inside our bodies as we do physical activity. The more physical work performed, the more heat 
produced and the more heat that needs to be lost so as not to overheat. 
Use ISO 8996 (1990), estimation of metabolic heat production for more information. 
Estimate Risk of Metabolic Rate contributing to Heat Stress: 
Observe the workers, tacking careful note of their movements, posture, speed, effort, weight of materials they may be handling, parts of their bodies that are responsible for their movement etc? 
To aid your subjective estimation of the metabolic rate, five categories of metabolic rate are provide. They are Resting, 
Low, Moderate, High and Very High. Descriptions are provided for each. 
If in doubt, review your manual handling assessment for information of the components of the task. 
Read all the categories before deciding on your score. 
Can you estimate the Metabolic Rate? YES / NO 
" If YES, give a ranking to the metabolic rate below. 
" If NO, tick "Don't Know" and conduct a quantitative heat stress risk assessment.. 
If more than one task is being performed then either tick more than one category or tick "Don't Know" and conduct a 
uantitative heat stress risk assessment 
Description and things to look out for SCORE Tick 
Resting. 
-2 Worker is resting as part of a work/rest schedule or is awaiting instructions etc. 
Worker is not involved in any tasks at all. 
Low. 
Sittin or standing to control machines. 
Light hand work (writing, drafting, sewing, bookkeeping, drafting etc). 
Hand and arm work (small bench work, using tools such as table saws; drills, Inspecting, 
assembling or sorting light materials, operating control panel, turning low torque hand wheels, 
very light assembly operation etc). 0 
Standing with light work at machine or bench while using mostly arms (drill press, milling 
machine, coil taping, small armature winding, machine with light power tools, Inspecting or 
monitoring hot processes). 
Arm and Len work (driving a car, operating foot pedals or switch). 
alkin in easily accessible areas (can walk upright). 
Liftin : 4.5K loads for fewer than 8 lifts/min; 11 k fewer than 4 lifts/min 
Moderate. 
Hand and arm work (mailing filing). 
Arm and leg work (off-road operation of trucks, tractors and construction equipment). 
Arm and trunk work (operating air hammer, tractor assembly, cleaning or clearing light debris 
spillage, plastering, heavy welding, scrubbing while standing up, Intermittently handling heavy 2 
objects/, weeding, hoeing, picking fruit and vegetables. ) 
ullin and pushing light loads (lightweight carts and wheelbarrows); Carrying, liftin g, Q 
Operating heave controls (e. g. opening valves); 
Walkin in congested areas (limited headroom), walking at 2 to 3 mph. 
Lifting: 4.5kfewer than 10 lifts/min" 11k fewer than 6 lifts/min 
High. 
Intense arm and trunk work, (carpenter sawing by hand or chiseling wood, shoveling wet 
sand, transferring heavy materials, sledge hammer work, planting, hand mowing, digging). 
Intermittent heave lifting such as pick-and-shovel work). 4 
Pushing or pulling heavy loads (pallet trucks, skips, loaded cages, heavy wheelbarrows 
Heave manual handling and lifting (e. g. laying concrete block, and clearing heavy debris (e. g. 
cleaning and relining reactor vessels)). 
Heave assembly work on a non-continuous basis. 
Liftin : 4.5k 14 liftsimin; 11 kg 10 lifts/min 
Very High. 
Work at this rate cannot be sustained for long periods. 
Very intense activity at a fast maximum pace (e. g. intense shoveling, axe work, running). 6 
Heave assembly, building or construction Mirk; (climbing stairs, ramps or ladders rapidly) 
Walking faster than 4mph 
Liftin 4.5kg more than 18 lifts/min. 11k more than 13 lifts/min. 
Don't know 
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Clothing 
CLOTHING EXPLAINED 
Clothing interferes with our ability to lose heat to the environment. 
Heat stress is a risk in situations where workers may be wearing Personal Protective Equipment, even if the 
environment is not considered warm or hot. It is important therefore, to identify whether the clothing the worker is 
wearing may be contributing to the risk of heat stress. 
Examales of different types of clothing are provided below. 
Use BS EN 29920 (1992), "Estimation of the thermal characteristics of a clothing ensemble. " for more Information 
Estimate Risk of Clothing contributing to Heat Stress: 
It is impossible to list or describe in this method all the clothing that may be wom in industry. Therefore, general 
descriptions of clothing are provided. Observe the worker and look through the list for an ensemble that may best 
describe the type of clothing they are wearing. 
Additional information may be obtained by contacting the manufacturer or a supplier of the PPE for further advice. 
Read all the categories before deciding on your score. 
Is the relevant Clothing described below? YES / NO 
If YES give a ranking to the clothing. 
If NO, tick "Don't Know" conduct a quantitative heat stress risk assessment.. 
If workers don and remove clothing then tick more than one category or tick "Don't Know". Conduct a quantitative h ar 
stress risk assessment 
Description of clothing SCORE Tick 
-2 Shorts and a T-shirt. No protective or work clothing wom. 
0 
Light work clothing 
I 
Cotton coverall, jacket 
Winter work clothing, double cloth coveralls, water barrier materials 
2 
4 
Light weight vapour barrier suits 
6 
Fully enclosed suit with hood and gloves 
Don't know 
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19.3 Results of Observation Checklist for Heat 
Stress Risk Assessment 
Referring back to each of the parameters you have just observed, please tick the 
subjective score below that corresponds to score you gave to each parameter. The black 
squares indicate that that score was not available for a particular category. 
crc 
32 -1 0 1 2 34 56 
Air temperature 
L 
Radiant heat 
Air velocity 
i -_- -- 
Humidity 
Metabolic rate 
Cloth ng 
Those scores higher than I ma% contribute to heat stress. The more scores you that have 
that are higher than 1, the greater the risk. As the scores increase (light blue for -3 to 
dark red for 6) so the potential of that parameter contributing to heat stress increases. If 
three or more of your scores are greater than 1, there may be a risk of heat stress. 
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Chapter 20 Quantitative Risk Assessment 
Record Sheets 
20.1 Estimate the metabolic rate of the work 
being performed 
Information about the work being performed 
Description of work being performed: 
Estimated metabolic rate value (provide calculations if used) 
20.2 Estimate the clothing insulation of the 
clothing being worn 
Information about the clothing being worn 
Description of being worn: 
Estimated clothing insulation value (provide calculations if used) 
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20.3 Detailed results of the WBGT Assessment 
20.3.1 Information about the equipment used to obtain 
WBGT values 
Manufacturer: 
Model type/ type number: Serial number: 
Has the equipment been cali brated? Yes/No 
Calibration details 
Date of last calibration 
Date of next calibration 
due 
20.3.2 Description of measurement period and place of 
measures 
How did you measure the environmental parameters? 
Parameter Continuous Start Discontinuou Start (OC) Measureme and end 
Measureme 
s and 
Measurement 
nt times nt 
intervals Measurement end intervals 
times 
Globe 
temperature Yes/No Yes/No 
(tg) 
Natural wet- 
bulb Yes/No Yes/No temperature 
(tnw) 
Air 
temperature Yes/No Yes/No 
(ta) 
Height (in centimetres) at which measurements were taken 
Parameter (°C) 
Homogenous 
Environment 
Heterogeneous Environment 
Head Abdomen Ankle 
Height Height Height 
Globe temperature (t g) 
Natural wet-bulb temperature (tnw) 
Air temperature (ta) 
315 
20.4 Calculate the WBGT value of the 
environment you have assessed 
The following tables provide a template to help you calculate the WBGT values. Read 
through the tables, using the appropriate criteria and calculations to obtain a measured 
WBGT value. 
20.4.1 For homogenous environments, select one of the 
following equations: 
Criteria Calculation WBGT value 
No radiant heat load: WBGT = (0.7 x tnw)+ (0.3 x tg) WBGT = 
With radiant beat load WBGT = (0.7 x tnw)+ (0.2 x tg) + (0.1 x ta) WBGT = 
20.4.2 For heterogeneous environments, calculate the 
WBGT value at each height. 
Ankle Height Calculation WBGT value 
No radiant heat load: WBGT= (0.7 x tnw)+ (0.3 x tg) WBGT = 
With radiant heat 
load 
WBGT = (0.7 x tnw)+ (0.2 x tg) + (0.1 x ta) WBGT = 
Abdomen Height Calculation WBGT value 
No radiant heat load: WBGT = (0.7 x tnw)+ (0.3 x tg) WBGT = 
With radiant heat 
load 
WBGT= (0.7 x tnw)+ (0.2 x tg) + (0.1 x ta) WBGT = 
Head Height Calculation WBGT value 
No radiant heat load: WBGT = (0.7 x tnw)+ (0.3 x tg) WBGT = 
With radiant heat 
load 
WBGT= (0.7 x tnw)+ (0.2 x tg) + (0.1 x ta) WBGT = 
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WBGT value for ankle height WBGTankle = 
WBGT value for abdomen height WBGTabdomen = 
WBGT value for head height WBGThead = 
Calculate the mean WBGT value from the following formula 
WBGT= IVBGThead+ (2 x WBGTabdomen) + WBGTankles 
4 
WBGT = 
What is your measured W'VBGT value °C 
What is the WBGT reference value for your workplace 
(see Table 
°C 
Use the following table to obtain a WBGT reference value 
20.4.3 Overall Results 
Reference value of WBGT Person acclimatised to heat: 
Person unacclimatised to heat: 
20.4.4 WBGT Conclusions 
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20.5 Detailed results of the SWreq Assessment 
20.5.1 Information about the equipment used to obtain PHS 
input values 
Manufacturer: 
Model type/ type number: Serial number: 
Date of equipment's last full verification: 
Has the equipment been cali brated? Yes/No 
Calibration details 
Date of last calibration 
Date of next calibration 
due 
20.5.2 Describe the measurement techniques used 
Air temperature (°C) 
Radiant temperature (°C) 
Psychrometric wet-bulb temperature (°C) 
Partial vapour pressure (kPa) 
Relative Humidity (%) 
Air velocity (m/s) 
Other (e. g. barometric pressure, natural wet- 
bulb etc) 
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20.5.3 Description of measurement period and place of 
measures 
How did you measure the environmental parameters? 
Parameter Continuous Start Discontinuou Start (°ý Measureme and Measurement Measureme and end nt intervals 
$ end intervals 
nt times Measurement times 
Air 
temperature Yes/No Yes/No 
oC 
Radiant 
temperature Yes/No Yes/No 
0 
Psychrometri 
c wet-bulb Yes/No Yes/No temperature 
(°C 
Partial 
vapour Yes/No Yes/No 
pressure 
(kPa) 
Relative , Yes/No Yes/No Humidity 
Air velocity Yes/No Yes/No (m/s) 
Other Yes/No Yes/No 
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20.5.4 What were the results of your 
measurements/estimations 
Series 1 Series 2 Series 3 Series 4 
Environmental Mean Range Mean Range Mean Range Mean Range 
Parameter 
Air temperature (OQ 
Radiant temperature 
oC 
Psychrometric wet-bulb 
temperature (OC) 
Partial vapour pressure 
(kPa) 
Relative Humidity 
Air velocity m/s 
Metabolic rate V1m 
Clothing Insulation 
value clo 
Clothing emissivity 
Permeability index of 
clothigng 
Percentage of the body 
exposed to thermal 
radiation (0.7 for 
standing, and 0.77 for 
seated) 
Posture 
20.5.5 PHS Conclusions 
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PART VII 
THESIS CONCLUSION 
This is the final part of the thesis. It provides an overall conclusion to the Thesis by 
providing a short discussion on the strengths and weakness of the research and provides 
recommendations for future work. 
The following short chapters are presented: 
Chapter 21 Strengths of this Research Project 
Chapter 22 Weaknesses of this Research Project 
Chapter 23 Future Work 
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Chapter 21 Strengths of this Research Project 
The project presented in this report is unique in that it addresses the issues of both 
validity and usability. It also, for the first time, presents a user-centred solution to the 
assessment of heat stress. This approach has ensured the involvement of representative 
users throughout the project lifecycle and the outcome provides a real-world solution to 
a very real-world problem. 
It was conducted in parallel with a number of national and international initiatives into 
heat stress assessment. The author was co-opted to a number of these initiatives (e. g. 
ISO TC 159 SC5 `Ergonomics of the Physical Environment', CEN TC 122 WG11 
`Ergonomics of the thermal environment' and BSI PH9/1 `Ergonomics of the thermal 
environment', he was involved in the revision of relevant standards. 
The author was also co-opted to the BIOMED II project which undertook the revision of 
ISO 7933 and the proposed replacement to the Required Sweat Rate index (SWrcq) with 
the Predicted Heat Strain index (PHS). Therefore, the author was uniquely placed to 
apply the heat stress assessment strategy proposed by Malchaie et al. (2000) well before 
the method was published. 
The intellectual capital from this project is that it, for first time, introduces a number of 
criteria to the future development of thermal standards: 
1. A user-centred approach involving representative users has been 
successfully applied to the design, development and evaluation of a risk 
assessment method; 
2. The observation method proposed has been shown to be more 
representative of the Qualitative Assessments that health and safety 
practitioners would expect to apply in occupational settings than that 
proposed by Malchaire; 
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3. At the time, no references could be found that described the use of focus 
and nominal groups in usability testing. Although this is now widely 
reported, it may have been the first time that these approaches had been 
applied to user-centred design. Although it was the first time these 
techniques had been applied to designing, developing and evaluating a 
heat stress risk assessment method. 
4. The validity study was the first independent (from BIOMED II) study of 
the PHS model and clearly demonstrates that further independent studies 
are required to determine the validity envelope for the PHS index; 
5. A range of ergonomics data collection methods were applied. This 
demonstrated the researcher's ability to adapt the method of data 
collection to the nature of the information required - i. e. best fit approach. 
This ensured that were data was collected, a "one and done" approach 
ensured that the required information was collected. To facilitate this, 
clear objectives were established early on through the involvement of a 
number of stakeholder groups (e. g. BOHS conference, Expert Discussion 
Group); 
6. It provides a comprehensive usability success criteria for the future 
development of thermal ergonomics standards where an index or 
programme involving rationale calculations or decision making etc are 
required; 
7. It has demonstrated that, contrary to academic belief, the actual uptake of 
thermal ergonomics standards in occupational settings appears to be very 
low; 
8. A systematic approach is presented to take an assessor through the process 
of assessing heat stress. The need to provide aide memoirs was 
established and as such they have been provided to meet the needs of 
representative users; 
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Chapter 22 Weaknesses of this Research Project 
The research described covered four main disciplines: 
1. Heat stress; 
2. Risk assessment; 
3. Ergonomic methods in Data Collection; 
4. User-Centred Design and Evaluation; 
As with any research project that that covers such a wide scope there may be inherent 
weaknesses as the research may be considered not to be sufficiently detailed enough in 
one or more area. However, as with any applied research project, a compromise is often 
required which is, of itself, not a product of the research hypothesis, project plan or 
methods to be applied but rather a product in the researcher's response to mitigate 
external influences and decisions.. This was very much the case with this research 
project. 
The following weakness of the research that was due to external influences include: 
1. As an HSE funded project, the author (quite rightly) needed to comply with 
the appropriate HSE policies, guidance and procedures. For example, 
Survey Control Clearance was required in order to undertake the postal 
questionnaire. This required a series of panel decisions within HSE and as 
such there was a significant delay. Consequently, any follow-up surveys etc 
were not possible within the remaining time; 
2. There was a lower than anticipated user involvement throughout the 
evaluation process. A number of site visits, user involvement events and 
activities were cancelled due to the perceived threat by industry of our 
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relationship with HSE. This required adapting the data collection methods to 
include conferences and special interest group meetings. Upon reviewing 
the data collected through these processes the author believes that this may 
have benefited the project as it ensured that a wider range of industries 
participated even if this participation was not in a "real-world" setting. 
However, no return visits were possible to re-evaluate the modified 
prototype and to build on the knowledge already developed. 
3. Low number of responders to postal questionnaire and the inability to follow 
this up. Whilst the data collected was very informative and mirrored the 
information the author gathered before and since, it would have been a 
significant strength if a larger percentage of recipients had responded. This 
weakness, together with the fact that we do not have any data regarding the 
extent, nature and number of people at risk of heat stress in UK means that 
we are still a long off from having a strategic plan in place. It also means 
that HSE has not been able to tackle those industries identified as high risk 
as there is very little UK data to support the sort of intervention that may be 
required; 
4. The validation of the PHS model was entirely dependent on the delivery of 
the PHS model by BIOMED 2. A number of versions of the PHS model 
were released during and following the BIOMED II project. Consequently, 
the author evaluated the validity of three versions of the PHS model before 
the final version was finally published as ISO 7933 (2004). This too was 
then validated. As a result, the final thesis write up was delayed. However, 
the literature review was updated. 
5. Fewer laboratory experiments were conducted due to the availability of the 
thermal chamber and the early optimism that a larger number of field studies 
would be undertaken to supplement the laboratory data. However, as a 
result, data from K. Davis and M. McNeil was applied to the validation 
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study and thus the impact of the reduced thermal laboratory studies was 
largely negated. 
One internal weakness of the research is due to the author's knowledge at the time that 
the research decision was made. On reflection it was this decisions that may have 
significantly impacted on the research had other laboratory data not been obtained. This 
relates to the experimental design of laboratory studies 1 to 6. Here it may have 
provided more comparable data to keep the thermal environment conditions the same 
and to change the work rate and or clothing. This might have made for easier direct 
comparisons between the six basic parameters and how their interactions with humans 
are interpreted and predicted by the SWVreq and PHS indices. For example, the author 
should have kept the partial vapour pressure constant rather than the humidity - as the 
humidity varied according to the air temperature; 
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Chapter 23 Future Work 
Future work should build on the strengths of this research project and seek to overcome 
or remedy any weaknesses. The following also highlights how future research may seek 
to fill the gaps this project was not able to answer. 
It should be recognised that this project is proposing a method of evaluating heat stress 
and providing a recommendation for its use. As such, the prototype should be tested 
and validated against face and statistical validity against data from both laboratory and 
field based studies. Here, the use of consensus groups may provide a more rapid 
method for applying subjective decision making to a qualitative tool. 
Use stakeholder engagement to provide the basis for the development of future thermal 
indices, risk assessments etc. This should also be considered in making more "user- 
friendly" standards. This might also expand to include job specific assessment 
approaches. For example, high radiant temperature environments (such as steel, brick 
or glass manufacture) may posses human thermal environment conditions where one or 
more of the six basic parameters are outside the validity envelope of an index. Here, 
information specific to the environment may be collected and adapted into an industry 
specific guidance (as was done by PABIAC for the paper mill sector) 
The method, together with other relevant information (e. g. methods for calculating 
metabolic rate, clothing insulation etc) should be provided in a W3C compliant internet 
site. Here people might be able to use photographs, video clips, descriptions etc of 
work to predict metabolic rate. Clothing properties (e. g. permeability, emmisivity and 
clothing insulation) may be calculated from selecting items, garments and ensembles 
from a photographic interfaced database. A Wikipedia approach may be adopted where, 
other researchers from around the world would be able to add their data to the dataset - 
and this could in turn be validated by others. The same approach to collecting, 
archiving and analysing large data sets may be applied. As was done in Australia by de 
Dear in developing the thermal comfort adaptive model (see http: //aws. mq. edu. au/rp- 
884/ashraq-rp884-home. html)- 
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Chapter 25 Appendices 
The following Appendices are presented: 
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Appendix 1 Loughborough University Ethics 
Submission 
ETHICAL ADVISORY COMMI TEE   Loughborough 
Ürniversity 
RESEARCH PROPOSAL FOR HUMAN BIOLOGICAL INVESTIGATIONS 
This application should be completed after reading the Code of Practice paying 
particular attention to the advice given in Section 6.3. 
U Applic. nts: 
Professor Ken Parsons Damian Bet ea 
Professor of Environmental Ergonomics Research Associate 
(i) Project Title: 
The Development of a practical heat stress assessment methodology for British industry. 
00 Awns end Outline of the Project 
The aim of the project is to provide practical guidance for the assessment of heat stress taking into 
account existing standards, methods, and pnnciples. The work will complement, and provide a UK 
perspective to. European initiatives to provide a thorough and comprehensive contribution to the 
review of ISO 7933 (BIOMED; "Assessment of the risk of heat disorders encountered during work in 
hot conditions (Heat Stress)'). 
The project has been broken down into 4 parts of work: 
I Part 1. To identify existing methods for the assessment of hot industrial environments with 
particular emphasis on ISO 7933. 
Part 2. The aim of part two is to build upon part one and provide an overview of current UK 
practices and requirements for methods for the assessment of hot industrial environments. 
Part 3. To identify limitations of ISO 7933 and proposals for solving them. 
Part 4. To provide and evaluate practical guidance for the assessment of hot environments 
In order to comply to the requisments of Part 1, Part2 and Part 3, a field study in Paper Mills has 
been organised through the Heath and Safety Executive and the Paper Federation of Great Britain. 
A meeting was held at St Regis Paper Company. Kemsley Mill, Essex. on Tuesday the 21" 
September 1999, where representatives of the Paper Federation, the UK Paper Company, the 
StRegis Paper Company, Ayelsford Newsprint and Loughborough University met to discuss the 
calibration. At the meeting it was agreed that the Human Thermal Environments Laboratory of Loughborough University would conduct a heat stress survey of the St Regis Paper mill. The survey 
would fo low guidelines as established in ISO standards for heat stress and physical measurements 
of the environment and physiological measures of the workers would be taken. 
(kj Namen and st. tum of Imre; tig. tors: 
Professor Ken Parsons -Principle investigator and senior lecturer. 
Mr. Damian Bethea - Named investigator and research associate. 
In addition, the project team will be aided during the investigation by Dr. Jane Hitchins a qualified 
General Practitioner who is currently employed as the Occupational Medic at the StRegis Paper mill in Kernsley and Dr. Tony Youle an occupational hygiene consultant who specialises in human 
thermal environments. Both have recently conducted a heat stress surrey of the Kemsley Mill. 
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(y Subjects Is= Section G. Ze3 
" Since this is a preliminary investigation for St Regis Paper Mill, it Is expected that only one 
subject will evaluated. The subject will be a volunteer from the worl4orce at the mill and their 
participation will besought through notices that will be placed around the factory. The subjectwill 
be experienced In their role within the paper mill. All the workers on the factory floor are male. 
" The workforce work In shifts and as such selection will be dependent on their availability on the 
day of the assessment 
" It Is also possible that those subjects who volunteer may have taken part in earlier studies by Dr 
Hitchins and DrYoule (see section N above) and as such will be familiar with having their 
physiological responses measured. 
" Prior to the assessment date a staff em ert of Intent will be sent In wrting to Dr. Hitchins and the 
StRegs Health and Safety O 1cer, Stevan Djurnic, describing In detail the measurements that will 
be taken and the protocol irnrolved so that the volunteers can be informed. This will also be 
prrnAded In writing to the volurteer on the day of the assessm ert so that they can re-read it and 
confirm their willingness to take part. 
"D Bethea who be monitoring their heart rate and core temperature (aural) through out the 
assessment. As part of her duties as the mil's Occupational Medic, Dr HItchins will be on hand 
to observe the subject for signs of heat stress. 
" The subject will not be asked to carry out tasks or duties other than those they would be 
expected to carry out on any normal working day. This Is an Important point because theywill 
not be exposed to any additional hazards other than those that they are exposed due during the 
course of a normal working day. 
" Prior to any assessment being conducted the sutJect will be asked to complete the Human 
Thermal Environments Laboratorys Consent Form, and any subject not conforming to the health 
status requirements will not take part in the assessment. 
" Sutject will be able to withdraw from the measurement procedure at anytime. 
ALL PROCEDURES WILL CONFORMTO THE HUMAN THERMAL ENVIRONMENTS 
LABORATORY'S GENERIC PROTOCOL FOR MEASURING THE "TER iEWLATERY 
EFFECTS CF W4RANNGAf A R" - Number 097lM 
ývij Location (ary Special I'aeIIitia to be used): 
The heat stress assessment will be conducted In the paper mill factory of the St Regis Paper 
Company In KemsleyIn Essex. All access to the mill by the experimenters will be strictymonitored 
and controlled by the health and safety unit of St Regis. The team conducted a fact finding mission 
to the mil and Inspected the premises on Tuesday the 21t September 1999 where a health and 
safety officer Stevan Djum Ic showed them around the mill. 
The subjectwill be prepared in an office away from the factory floor. 
(vii) Duration (including demand on subjects time): 
The subjectwill be prepared half an hour before the shift Is due to start Them easurem eats wi 
taken for ether a minimurn of 3 hours or until the subjects request the thermistors be removed. 
(viii) Reasons for undertaking the study (eg contract student research) 
The Heath and Safety Executive (HSE) and the Paper Mill Federation of Great Britain have 
approached the Human Thermal Environments laboratory to conduct a heat stress assessment at 
the and the St Regis Paper Company's Kemsley Mill as part of the research required by the 
research contract. 
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(ixx Methodology (a brief outline of research design): 
LABORATORY'S GENERIC PROTOCOL FOR MEASURING THE "THERAIDREGULA TORY 
EFFECTS OF WARMNG N AR"- Number G9716 
Subject will be briefed upon arrival and the measurements that are to be taken will be described in 
full The subjectwil be asked to complete a consent form before any measurements are taken. 
Once the subject has agreed to take part and the consent form has been completed the subject will 
be 'wired" up for measurements. The following measurements will be taken (as per the generic 
ethical procedures for the Human Thermal Envionments Laboratory). 
Aural Temperature (left and right ear). 
Ramanathan 4 point skin measures (Chest, upper arm. thigh. cal) 
Weight (semi nude and clothed) 
Subject information 
" Age 
" Height 
The thermistorswill be attached to data loggers that will record the workers responses at 1 min 
intervals through out the exposure. 
When the data collection is stopped (either due to time, the worker requesting to be withdrawn, or 
the safetylimis being exceeded) the worker will be removed from the workplace and the thermistors 
will be removed. 
COQ Procedures and measurements (for experimental and controlsubjects): 
The following instrumentswi be used for measurement: 
" Aural thermistors - Left and Right Ear. Insulated with cotton wool and ear defenders. 
" Skin thermistors -Placed on 4 sites; chest, upper arm, upper thigh, calf 
" Polar hear rate monitor to record heart rate. 
Squirrel data collector to record and monitor all measurements. 
Subject will complete a consent form. 
They will then undress to their underwear and will be weighed and they will be 
instrumented (see above). 
They will then get dressed in their work clothes and they will be weighed again. 
Subject will then sit at rest until core temperature readings are higher tha n 38.4 °C. 
As a backup, sublingual temperature will also be taken priorto their entering the factory. 
The squirrel data logger and the heart monitor will then be set to record.. 
The experimenter will make manual recordings and timings of subject's work activities. 
Backup manual records of aural temperature, skin temperature and heart rate will also 
be taken every 10 mins so that the experimenter can also be aware of the subject's 
thermal state. 
The assessment will be terminated in any of the following instances: 
1. At the request of the subject. 
2. At the discretion of the experimenter. 
3. At the discretion of the occupational medic. 
4. At the discretion of the company's heath and safety representative. 
5. If the subject's internal bodytemperature rises by 1.5°C or increases to an absolute value of 
39°C during exposure. 
6. If and skin temperature rises above 36C. 
7. If subject heart rate rises above 200 minus age beats per minute. 
First aid cover will be provided throughout the assessment by the first aid procedures that are 
currently in place at the mill. 
The protocol to be used is well established, both in the literature and in the laboratory. The protocol 
has also been used during previous heat stress assessment work in the field bythe investigation 
team. 
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(4 Possible risks. diecomforls and/or distress lose Section 6314: 
No additional risks will be imposed upon the subject beyond those that they area Xposeto on a 
daily basis as part of the requirements of the job. 
The instrumentation will not interfere with the subject's abildyto perform their tasks. 
The health and safety officer (Stevan Djumic) and Dr Hitchins the Occupational Medic will constantly 
montor the project team to ensure that the assessment is not interfering with the subjects ability to 
perform their tasks. 
Procedures for taking mom urements and for chaperoning ends upervislon of subjects 
during Investigations: 
u ject and experimenters are male. Therefore no chaperoning is required. 
Throughout the investigation the experimenter will monitor the subject The occupational medic and 
the health and safety officer will be on hand. 
(x iQ Names of investigators and personal experience of proposed procedure and/or 
methodologies: 
Professor Ken Parsons-17 years experience in the laboratory and field trials area. 
expert on the human responses to thermal envion ments (BSI, CEN, ISO) 
Damian Bethea -2 years part time and 3 years full time experience in the laboratory trials. Has also 
conducted a field experiment. 
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(dvj Detuis of any payments to be made to them ubjects: 
No payments are to be made to subjects 
(xv) Do ony investigators stand to gain from a particular conclusion of the research 
project: 
jxvij Whether the Universityl Insurers have Indicated that they are content for the 
Universlyi Public Liability Policy to apply to the proposed Investigation (Committon 
use only): 
(xvie Wh nth er insurance cover additional to (xv) has been arranged by the Investigator (etc 
Section 630): 
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Cxviiij M the case of studies involving new drugs or radioisotopes, written approval for the 
study must be obtained from the appropriate national body and submitted with the 
protocol. State if applicable: 
Not applicable. 
t Deduetion 
I have read the University's Code of Practice on Investigations on Human Subjects and 
completed this application. 
Sign sture of upplicent: ................................................. 
Signature of Head of Department: ............................................ 
Date ....................................... 
350 
Appendix 2 Paper for BOHS Conference, 
London 1999 
FOCUS GROUP/WORKSHOP: 
Developing a practical heat stress assessment methodology 
"What are Occupational Hygienists' requirements for assessing heat stress in 
industry? " 
Damian Bethea 
Human Thermal Environments Laboratory, Dep. of Human Sciences, Loughborough 
University, UK. 
Email: D. Bethea@lboro. ac. uk 
Introduction 
Over the years, working practises for hot environments have become well established through the use of 
appropriate beat stress indices, thermal audits, computer modelling, etc. These assessment methods are 
well documented and many have been adopted as International, European and/or National Standards, e. g. 
ISO 7243 WBGT, ISO 7933 (BS 12515) SWreq, and others. As such, occupational hygienists are 
required to use these methods as part of their risk assessment and risk management strategy for hot 
working environments and when PPE is worn. When a risk of heat stress is identified and quantified, the 
assessor must implement the appropriate control strategies to reduce the risk to the worker. However, do 
the Standards and other technical documents on heat stress assessment currently available, meet the 
requirements of occupational hygienist to conduct adequate heat stress risk assessments and to implement 
the proper controls? What would hygienists require, and expect, from a new user-oriented methodology 
that had been designed, developed and evaluated specifically with them and their role in mind? Who 
better to ask than those people who are expected to use it. 
Therefore, as part of a study to develop a practical heat stress assessment methodology to be used in 
UK industry, a series of focus group discussions are being conducted. 
What are Focus Groups? 
Focus groups are basically group-interviews, that provide a forum in which a small group of people 
discuss topics of common interest in detail, with the view of developing solutions using the individual and 
common experiences of the group. This is done through structured discussion or "brain storming". 
This focus group session is part of an iterative design and development strategy for an easy to use, valid 
and applicable heat stress assessment methodology. To this end, the session will discuss a few of the 
proposed ideas that will have been developed following other focus groups sessions with occupational 
hygienists, health and safety professionals and experts in human thermal environments as participants. 
Aims of Focus Group Sessions in this project 
A common concern is that an "academic" solution to a "real world" problem would not be suitable for 
practical problems such as those experienced in industry. As such, it is essential that occupational 
hygienists contribute to the development of this methodology by stating what their needs and 
requirements are when assessing hot working environments, what information they would need to decide 
on an appropriate control strategy and how this information should be provided etc. This focus group 
workshop therefore, will provide an excellent, and vital, opportunity for occupational hygienists to 
contribute to the development of this methodology. The topics discussed will depend on the data 
produced by previous sessions because each focus group provides topics of discussion for the following 
session. 
Previous information gained from focus group sessions 
A number of focus groups sessions have already been conducted with both experts and representative 
users as participants. Areas that have arisen from previous sessions include: 
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" The methodology should not be developed as a purely "technical document", rather as a 
methodology for the overall management of heat stress. It should therefore, aid not only the 
assessment and control of heat stress but the decision process associated with conducting a risk 
assessment. This would seem to benefit both large companies, as well as small and medium sized 
ones where the occupational hygiene infrastructure may not be so well developed. 
" Heat stress is not only associated with hot environments. A major area of concern is that of where 
PPE or PPC is worn, as such more information should be supplied to aid the user to better 
understand, evaluate and interpret the risk of heat stress associated with PPE and PPC. 
" "Expert Systems" should be provided to enable the user to make a more detailed analysis of the 
environment and to better interpret and understand their results. 
" More information about the possible control strategies should be provided. 
" Information about the Health Status of workers should be included to help the user identify those 
people who may be at particular risk from heat stress. 
How the session will be run 
Depending on participant numbers, the session will be divided up into groups of 6 to 12 people which 
should provide an interesting and varied forum within which the members can interact. The session will 
be moderated by the author, and will follow a specific, pre-decided structure that will discuss issues 
raised at previous focus group sessions. It is hoped that a prototype specification (i. e. what the 
methodology will consist of, what it will do and how it will do it) of the new methodology may be a topic 
of discussion. 
After the Focus Group Session? 
It is anticipated that a number of further focus group session will be conducted over the following 
months. Therefore, any of the participants that would like to play a further role in the development and 
evaluation strategy of this methodology are encouraged to do so. The more input into the development 
and evaluation of the methodology by those people for whom it is intended, the more usable, appropriate 
and valid it will be. 
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Appendix 3 Questions for Workshop at BOHS, 
London, 1999 
Developing a Practical Heat Stress Assessment Methodology for UK industry. 
Workshop run by Damian Bethea at the BOHS Conference in London in April 1999. 
Management of Heat Stress? 
We have developed a Top Down approach to the Management, Assessment and Control 
of Heat Stress. With this in mind please can you consider the implications of this for 
large and SMEs and more specifically the occupational hygienists working in them. 
If we are to include managers in this methodology what are their Information 
requirements? Firstly in large corporations, and secondly in SMEs? 
Large corporations 
SME's 
Our hope is that by including managers it may aid Occupational Hygienists with the 
implementation of Controls: e. g: "How much will this cost me and is it necessary? " 
With this in mind is there anything else that we should consider when developing the 
management section. 
A Basic Assessment - Observation 
One theory developed thus far has been that an initial basic assessment can be carried 
out that provides a simple and easy to use alternative to "jumping into problem head 
first"? This would involve the user to conduct an OBSERVATION of the worker, the 
environment in which the worker is working and the clothing the worker is wearing. 
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This may be presented in the form of a checklist. I would like to now show you an 
example of one of the Observation Methodology that has been developed. 
Good idea but how practical? 
Will managers accept Control recommendations if a simplistic approach has been used? 
What can be done to facilitate this to aid Occupational Hygienist? 
Expert Systems that are required 
How to obtain MRT 
Partial Vapour Pressure 
WBGT 
Clothing Insulation (Clo) 
How to Estimate Metabolic Rate 
Description of Work 
Physiological Monitoring- Post Exposure 
Worker's state of acclimation 
Worker's experience 
Dehydration/rehydration 
Importance of Health Status of worker 
Additional information? 
Record sheets 
Checklists of measures to be taken 
Checklists of estimates to be obtained 
Incident Reports 
Level of competence required? 
Managers 
Occupational Hygienists/Health & Safety Professionals etc. 
Technicians/Engineers 
Workers 
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But who does what to get the best results? 
How does this affect SMEs? 
10 Point Approach 
Managing Health and Safety of Workers 
Training and Education of Workers 
Hazard Identification 
Observation 
Simple Controls 
Measurement/Evaluation 
Analysis & Interpretation of Results 
More detailed Analysis and Interpretation 
Implementation of Controls 
Obtain Expert Help 
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Appendix 4 Questionnaire given to participants 
at BOHS PPE SIG Focus Group, London, 1999 
Record Sheet for PPE SIG Focus Group Session. 
Name 
Company 
Phone Number 
D. O. B II 
Sex: M/F (Delete as appropriate) II 
Current Job Title: CI 
Number of years you have been in your current position: 
Number of years in Occupational hygiene / Health & Safety? 
What was your occupation before you became involved in Health & Safety 
1. Please rate your knowledge of HUMAN RESPONSES TO THE THERMAL 
ENVIRONMENT 
Novice 12345 Expert C 
2. Please rate your knowledge of the EFFECTS OF PERSONAL PROTECTIVE CLOTHING 
on human responses to the thermal environment: 
Novice 12345 Expert C 
3. Please rate what you think the GENERAL level of knowledge of HUMAN RESPONSES TO 
THE THERMAL ENVIRONMENT amongst Health & Safety (H&S) advisors/managers is: 
Very Good 12345 Very Poor 
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1 Which of the following ISO standards are you familiar with? If yes, rate on a scale of 1 to 
5 is your level of understanding of the standard. (1 being novice, 5 being expert) 
ISO 7933 (1989), Hot environments - Analytical determination and interpretation of thermal 
using calculations of required sweat rate (SWreq). 
YES/NO 
Novice 12345 Expert 
a) ISO 7342 (1989), Hot environments - Estimation of the heat stress on working man, based on 
WBGT-index (wet bulb globe temperature) 
YES/NO 
Novice 12345 Expert 
b) ISO 9886 (1992), Evaluation of thermal strain by physiological measurements 
YES / NO 
Novice 12345 Expert 
c) ISO 8996 (1990), Ergonomics of the thermal environment: Estimation of metabolic heat 
production. 
YES/NO 
Novice 12345 Expert 
2 Have you ever used any of these standards to assess a working environment? And what, 
on a scale of 1 to 5 was you confidence in the results that you achieved being accurate and 
representative? (1 being none, 5 being very confident) 
d) ISO 7933 (1989), Hot environments - Analytical determination and interpretation of thermal 
using calculations of required sweat rate (SWreq). 
YES / NO 
None 12345 Very Confident 
a) ISO 7342 (1989), Hot environments - Estimation of the heat stress on working man, based on 
WBGT-index (wet bulb globe temperature) 
YES/NO 
None 12345 Very Confident 
b) ISO 9886 (1992), Evaluation of thermal strain by physiological measurements 
YES / NO 
None 12345 Very Confident 
c) ISO 8996 (1990), Ergonomics of the thermal environment: Estimation of metabolic heat 
production. 
YES / NO 
None 12345 Very Confident 
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Appendix 5 Usability Diagram presented to 
BOHS PPE SIG Focus Group, London, 1999 
I Improved Usability of PPC 
icrease in 
Worker motivation & 
commitment 
Confidence in management 
Confidence in Health and 
Safety policy 
ýý"º " Health 
" Safety 
" Satisfaction 
" Comfort 
Reduce PPC induced heat stress 
Cost Benefits for Company 
Increases in: Reduction of. 
" Effectiveness of risk reduction 1 Absenteeism due to heat related illness 
" Efficiency of work force 2 Costs incurred by reduced production 
" Performance of work force 3 
Costs incurred by illness due to heat stress 
" Productivity output 
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Appendix 6 Flow diagram of possible use of 
standards to aid in the selection and allocation of 
PPE, BOHS PPE SIG Focus Group, London, 
1999 
I Analyse work activity I 
Identity Hazards 
'1 
suitable PPE for specific hazard 
ion requirements 
a thermal audit 
Consult manufacturer's specification 
Sheets and Special Instructions for PPE 
effects on human thermoregulation 
Select alternative PPE 
that still meets your 
specific hazard 
protection requirement 
Estimate metabolic rate when 
no PPE Is worn 
I Observe effects of clothing on worker's 
movement 
Estimate metabolic rate when PPE Is 
worn 
Evaluation of Risk of the worker suffering 
heat stress 
Use WBGT correction Effect of PPE on Proportion and parts of 
values eg: TLVs evaporation 
body covered 
V 
Thermal Insulation of PPE Movement and ventilation 
in ensemble 
1 
Estimation of Risk of the worker suffering from 
heat stress 
If required: 
. Implementing monitoring 
11 . Introduction of controls 
'jr Review of controls 
Appendix 7 Selection of Possible Discussion 
Points for BOHS PPE SIG Focus Group, London, 
1999 
Record Sheet for PPE SIG Focus Group Session. 
11/02/1999 
Thank you all very much for attending this Focus Group Session. Before we start I would like to 
just briefly describe to you what a focus group session is and then more specifically to inform you 
what sort of information I am hoping to gather from this discussion. 
The main reason for this focus group session is to follow on from a previous focus group session 
that was held in December. That focus group was comprised of experts in the field of human 
responses to hot environments and the application of occupational hygiene methodologies. 
During that meeting a number of topics were covered, specifically the appropriateness of current 
heat stress standards and methodologies to the needs and requirements of occupational hygienists to 
conduct adequate heat stress risk assessments and to implement the proper controls? The experts 
were asked to discuss specific technical topics to determine, what physical data the occupational 
hygienist would require, how the information should be presented and what it should enable them to 
do. The next stage is to discuss some of these topics with the people who would actually use a heat 
stress assessment methodology to investigate whether their requirements, as put forward by a group 
of experts are the actually their requirements. Hence this focus group session. 
But what are focus groups? 
Focus groups are basically group-interviews, that provide a forum in which a small group of people, 
like we have assembled here this afternoon, discuss topics of common interest in detail, with the 
view of developing solutions using their individual and common experiences of the group. This is 
done through structured discussion or "brain storming". This focus group session is part of an 
iterative design and development strategy for the an easy to use, valid and applicable heat stress 
assessment methodology. The session will be taped on the recorders that you see on the tables, and 
the conversation will be analysed once it has been trascribed. 
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1. Before we start, I would like to ask you if each member of the group just briefly introduce 
themselves. 
2. Has anyone here had experience of a heat situation at some point during their working life? This 
does not need to be specific and if you prefer your description can be anecdotal in nature. 
3. Do you know of any incidents of where people have not WORN their PPC as it should have 
been, in order to PREVENT heat stress or to keep cool and perhaps exposed themselves to other 
hazards? 
4. Do large companies and multinationals have a FORMAL POLICY to reduce the risk of heat 
stress to workers using PPC? Again this is a general question and is not specific to your 
company. 
5. In your experience do small and medium sized companies have a FORMAL POLICY to reduce 
the risk of heat stress to workers using PPC? 
6. Do occupational hygienists on the whole, experience PROBLEMS with regards to the 
SELECTION of PPC and the thermal environment and work rate in which it is to be used? 
7. Do you think that companies undertake adequate risk assessments for the likelihood of heat 
stress occurring for workers wearing PPE? 
1 Large companies and multinationals 
2 small and medium sized companies 
8. Do current standards and methodologies, provide adequate information to enable the user to 
control the risk of heat stress in situations where workers are wearing PPE? 
9. Do current standards or methodologies provide adequate information to the user about the 
controls that they could implement to prevent those areas where a risk is identified when PPE is 
worn? 
10. Do current standards or methodologies provide adequate information to the mangers about the 
management tasks required to ensure that adequate heat stress assessments are conducted when 
PPE is worn? 
If not, is more information needed? 
11. Do current standards or methodologies provide adequate information to managers about the 
controls that the occupational hygienists may identify as being necessary to aid reduce the risk of 
heat stress when PPE is worn. 
If not, is more information needed? 
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1. Following on from the 2 previous discussion points, if more information was provided, would it 
enable small and medium sized companies, where perhaps one person has to "wear many hats" 
(i. e. Managing director, product manager, health and safety manager etc) to manage and assess 
heat stress better. 
If yes, what sort of information do you think would be required? 
If no, why not?? 
2. Are the workers in general aware of the possibility of suffering from heat stress while wearing 
PPE and are they aware of the warning signs? 
3. What methods do you currently use to estimate the following 
1 Moisture permeability of clothing 
2 Air permeability of clothing 
3 Clothing insulation values 
4 The hazards of wearing a particular ensemble in a particular environment, at a particular 
work rate 
Which of the following tools do you think would aid you to conduct an adequate heat stress 
assessment and why? 
Checklists 
Computer models to predict DLE 
Flow charts 
Decision Aids (i. e. If X then Y else Z). 
Diagrams 
Special information supplied by manufacturers of PPE 
Guidance information - Standards, ACGIH, BORS etc? 
Expert Systems to explain in more detail and help you in estimating 
Clothing Insulation 
The effect of fit of PPE on human thermoregulation 
The effect of body part covered by PPE on human thermoregulation 
The effect of moisture permeability of PPE on human thermoregulation 
The effect of air permeability of PPE on human thermoregulation 
The effect of ventilation 
If a methodology was going to include a strategy for the management of heat stress, it has been 
suggested that the following structure may be appropriate. I would like you to discuss the 
appropriateness of the structure and at each task the level of competence required to conduct 
that task. 
OVERHEAD 
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Appendix 8 Sample Letter and Proposal sent to 
Paper Mill participants in usability evaluation of 
prototype checklist 
" Loughborough 
Department of Human Sciences University 
Human Thermal Environments Laboratory 
James France Building 
Loughborough, Leicestershire, LE11 3TU 
Telephone: 01509 22 81 65 
Fax: 01509 22 39 40 
Name and Address 
Re: Discussion groin on Heat Stress Assessment at St Regis Paper Mill, Kemsley 
Essex on the 11 October 1999 
Dear 
I am writing to confirm that a discussion group will take place at the St Regis Paper Mill in 
Kemsley, Essex on Monday the 11°i October 1999. The purpose of the discussion group 
will be to discuss aspects of a new heat stress assessment methodology being developed 
by the Human Thermal Environments Laboratory at Loughborough University. This method 
is being developed to complement current and future standards and guidelines, whether 
international or industry specific, and is not intended to replace any of these standards or 
guidelines (such as those being developed by the Paper Federation). It will provide the user 
with sufficient information about the more technical aspects of appropriate standards, 
thereby enabling them to use them effectively as part of an overall risk assessment strategy. 
Since it is vital to obtain the views of prospective users of the experimental methodology, the 
discussion group will evaluate one of the aspects of the methodology, which is an 
Observation and Checklist Method. Two observation and checklist methods have been 
proposed and the usability of these methods and their appropriateness will be evaluated. It 
was initially envisaged that the participants would be asked to take the methodologies away 
with them and to complete them in their own time. However, it was felt that immediate input 
from the participants would be beneficial to all concerned. Therefore, following discussions 
with Stevan Djumic at the St Regis Paper Company, the participants will have the 
opportunity to use the proposed methods in the mill while observing a typical working 
situation. Following this a formal discussion will be held, which will be chaired by Damian 
Bethea of the Human Thermal Environments Laboratory (HTEL) where the participants will 
discuss their views of both the proposed methods in detail. 
Added to this, the participants will be given training in how to take WBGT measurements 
and how to interpret the results. This has been included to complement the requirements of 
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the new draft standard for paper mills. It is hoped therefore that the participants will benefit 
greatly from this part of the day. 
To help prepare you for the meeting, a document called the Background to this Research 
Project has been drafted and is enclosed with the letter. Attached to it is a proposed 
itinerary for the whole day's proceedings. Additionally copies of the experimental 
Observation and Checklist Methods that are to be evaluated have also been included. 
Please read through both these methods before the meeting on Monday so that you are 
familiar with them when we go into the mill to assess the work environment. 
Should you have any further queries please do not hesitate to me at the address above or 
on the email address below. 
Thank you in advance for all your help in organising this day. 
Regards 
Damian Bethea. (D. Bethea@Iboro. ac. uk) 
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  Loughborough 
Department ofHuman Sciences University 
Human Thermal Environments Laboratory 
James France Building 
Loughborough, Leicestershire, LE 11 3TU 
Telephone: 01509 22 8165 Fax: 01509 22 39 40 
Itinerary for Discussion group on Heat Stress Assessment st St Regis Paper 
Mill, Kemsley Essex on the 11th 0 ctober 1999 
Moderator. Damian Bethea 
Timetable 
Please note that the times are only a guideline and may change during the day. 
09: 00 am Meet 
09: 15 am - Introduction to the Discussion Group 
" Welcome and Introduction to Discussion Group Session 
09: 30 am - Introduction to an experimental Heat Stress Assessment Process 
10: 00 am - Conduct Observation of a Work Situation In the Mill 
10: 45 am -Coffee Break 
11: 00 am -Structured Group Discussion 1. Participants separate into sub-groups to discuss the Observation Checklist Method. 
11: 30 pm - Structured Group Discussion 
1. Each sub-group reports to the rest of the participants what they found. 
2. Floor opens for group discussion. 
12: 30 pm - LUNCH 
1: 15 pm - Structured Group Discussion 3. Group discussion about the training and iformation requirements of practising health 
and safety personnel. 
1: 15 pm - Structured Group Discussion 4. How the need for heat stress assessments can be better understood by 
management, health and safety personnel and workers. 
2: 45 pm -Cofee Break 
3: 00 pm - WAGT Training 
" What does WBGT mean? 
" What measurements do you take and where do you take them? 
0 How do you interpret your measurements? 
5: 00pm - END 
At some point during the day, Mr. Len Morris from the HSE will give a short talk 
about the development of the draft standard for the Paper Industry. He will also be 
on hand during the afternoon session to discuss the WBGT with participants. 
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Appendix 9 Background information given to 
Paper Mill participants in evaluation of 
prototype checklist 
  Loughborough 
Department of Human Sciences University 
Human Thermal Environments Laboratory 
James France Building 
Loughborough, Leicestershire, LE11 3TU 
Telephone: 01509 22 81 65 
Fax: 01509 22 39 40 
Background Information to this Research Project 
The aim of this project is to develop a Practical Heat Stress Assessment Methodology 
that could be employed by occupational hygienists and health & safety professionals to 
evaluate, assess, control and manage the risk of heat stress amongst workers in 
Industry. Part of this practical assessment methodology is an Observation and Checklist 
Method, which is to be used by people conducting heat stress risk assessments before 
taking any physical measures. This is an experimental method that is being tested at a 
number of industries including the paper making industry. Since the methodology is to 
be used by practising health and safety professionals, we are seeking your help to 
evaluate the usability of the 2 experimental Observation Checklist Methods. 
Please read through the 2 methods carefully so that Men we meet on Monday the 11th 
of October you are familiar with them both, as you will be asked to evaluate a workplace 
within the Kemsley Mill in the morning. Following your using them in the Mill a structured 
discussion will be held which Damian Bethea will chair. The structured discussion will 
focus on these methods and their usability and is discussed in more detail at the end of 
this section. 
It is very important to note that the checklists are part of on going studies in Europe and 
the United Kingdom. As such, these checklists have not been fully validated nor have 
they been published in scientific journals and therefore they are not intended to be used 
as part of current heat stress assessment strategies. Further work is needed to ensure 
that they will be safe and reliable in the workplace. Since they have not been published, 
both methods are still under copyright. 
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The purpose of this study is to investigate the usability of these methods and not to 
introduce them as alternatives to the well tried methods currently described in the heat 
stress guidelines that are available (such as the WBGT). These methods are a few 
years away from being adopted as recognised methodologies and therefore the results 
of the assessment at the Kemsley Mill are purely for research purposes to aid in the 
development of the Practical Heat Stress Assessment Methodology. However, in the 
process of evaluating the methods, useful insight will be gained into the causes of heat 
stress in paper mills and possible control measures, which we will share with the 
industry through the Health and Safety Executive (H SE). 
Participants are therefore urged not to adopt either or both of these methods as part of 
their risk assessment strategy until they have been fully evaluated in industry. The HSE 
will publish the results of this research next year and it is likely that some further 
modifications will be needed before the method is adopted as guidelines. 
What Is a Structured Discussion Group? 
Focus groups are group interviews, which provide a forum in which small groups of 
people (about 4-12) discuss topics of common interest in detail, with the view of 
developing solutions using their individual and common experiences of the group. This 
is done through structured discussion and this important interaction is dependent on 
the moderation of the researcher around the topic that he or she has introduced into the 
discussion. The data produced is in the form of transcripts of the group discussions and 
is qualitative. This will be supplement by providing the participants with questionnaires 
and record sheets on which they can provide their views on the different topics. 
The topics to be covered during the discussion will include: 
The training and information needs of practising health and safety personnel to 
conduct heat stress assessments. 
How the need for heat stress assessments can be better understood by 
management, health and safety personnel and workers. 
The usability and applicability of the 2 experimental Observation Checklist 
Methods. 
A full itinerary is provided overleaf. 
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Appendix 10 Malchaire's Observation 
Method 
STAGE 1 "Observation' 
4.1. MEMO 
The objectives of this stage are: 
" to collect information about the work situation, in general, concerning th e working 
conditions, the climatic conditions and the heat or cold sources. 
" to define the straightforward technical measures that can be directly implemented to 
preventlcontrol the risk. 
" to determine whether a more thorough "Analysis" is necessary. 
4.2. PROCEDURE 
4.2.1. Describe the working condition which is known to or which is likely to raise a thermal 
problem. This is, for instance, "workshop A in the morning during the winter", or "when 
cleaning the oven, in any season"... 
4.2.2. Evaluate the situation for each of the six parameters separately, using the scales described 
in table 2. Report also the average opinion of th e workers 
Remember that the main point of the procedure is not the score in itself, but th e analysis of 
the reasons for that score and the determination of how to improve it. 
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Table 2. Searing scales for the "Observation" method 
Score Condition 
AIRTEMPERATURE 
-3 generally freezing 
-2 generally between 0 and 10°c. 
.1 generally 
between 10 and 18°C 
0 generally between 18 and 25°C 
I generally between 25 and 32°C 
2 generally between 32 and 40°C 
3 generally greater than 40°C 
HUMIDITY 
.1 drythroat/eyes after 2-3 hours 
0 normal 
1 - moist skin 
2 skin completely wet 
THERMAL RADIATION 
"1 cold on the face after2-3 minutes 
0 no radiation discernible 
warm on the face after 2-3 minutes 
2 - unbearable on the face after more than 2 minutes 
immediate burning sensation 
AIR MOVEMENTS 
-2 cold strong air movements 
-1 cold 
light air movements 
0 no air movements 
warm light air movements 
2 warm strong airmovements 
WORK LOAD 
0 office work: easy low muscular constraints, occasional movements at 
1 normal speed. 
2 moderate work with arms or legs: use of heavy machines steadily walking 
intense workwäh arms and trunk handling of heavy objects shovelling, 
3 wood cutting, walking rapidly orwhile carrying a heavy load 
very intense work at high speed: stairs, ladders. 
CLOTHING 
0 light, flexible, not interfering with the work 
1 long, heavier, interfering slightlywith the work 
2 clumsy, heavy, special for radiation, humidity or cold temperatures 
3 special overallswrth gloves, hoods, shoes 
OPINION OF THE WORKERS 
-3 shivering, strong discomfort for the whole body 
-2 strong local discomfort; overall sensation of coolness 
.1 slight local cool 
discomfort 
o no discomfort 
1 slight sweating and discomfort; thirst 
Z heavy sweating, strong thirst, work pace modified 
3 excessive sweating, very tiring work, special clothing 
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4.2.3. Report the results in the table 3 
Table 3: Table of scores for the present situation 
-3 -2 -1 0123 
Air temperature 
Humidity 
Thermal radiation 
Air movements 
Work Load 
Clothing 
Opinions of the workers 
424 If the situation is not ideal (scores outside -1 to 1), identify the reason for this and describe the 
importance of the problem (sources, surfaces, location... ). 
The scales above are designed so that the optimum situation is zero in each case When one or several 
parameters deviate from this optimum, prevention measures should be taken, and, the greater the 
deviation, the higher the need for solutions. 
If the industrial process does not strictly impose the thermal parameters, look for ways to improve the 
situation, considering the examples of prevention measures given in the annexe 1. 
Determine, if necessary, the measures to be taken in the short-term: hot or cold drinks, recovery periods, 
work organisation, clothing. Short-term measures should remain temporary measures. They indicate 
the need for a further °ANA. Y57S°to solve technically the problem. 
Estimate what the scores might be if the situation was improved as envisaged. Judge, on the scales 
described in table 1, the cordition in the future, taking into account the prevention/control measures 
When this prediction of the future situation is difficult to do or does not appear to be reliable, this indicates 
the need for a further "ANALYSIS' to estimate the residual risk and identify the additional control 
mea sures. 
42,6 Report these scores on table 4 
Table 4: Table of scones forth e anticipated situation 
Air temperature 
Humidity 
Thermal radiation 
Air movements 
Work Load 
Clothing 
426 Decide whether a more detailed "ANALYSIS- is needed to quantify and to solve the problem For this, 
consider the number of scores outside the range from -1 to 1 for the anticipated situation in the future 
At the end of the '1 JB5ERVATION", the user must determine whether, for this working situation, a more 
thorough "ANALYSIS" is necessary. 
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6.2.1. ANNEXE 1- Examples of prevention measures 
AIR TEMPERATURE 
" Locate the sources of heat or cold in the periphery 
" Eliminate the sources of hot or cold air 
" Insulate the hot surfaces 
" Exhaust hot or cold air locaIly 
" Ventilate without draughts 
" Use clothes with lower or higher insulation 
HUMIDITY 
" Eliminate the leaks of vapour and water 
Enclose the surfaces cooled with water or any evaporating surface 
Use clothes waterproof but permeable to vapour 
THERMAL RADIATION 
" Reduce the radiating surfaces 
" Use reflecting screens 
" Insulate or treat the radiating surface 
" Locate workstations awayfrom radiating surfaces 
" Use special protective clothes reflecting radiation 
Abi MOVEMENTS 
" Reduce or eliminate air draughts 
Use screensto protect locally against draughts 
Locate workstations away from air draughts 
WORK L OAD 
. Reduce the movements during work 
. Reduce displacements 
. Reduce the speed of movements 
. Reduce the efforts, use mechanical assistance... 
0 Improve the postures 
CLOTHING 
" improve the design of the clothing 
" Select more suitable materials 
" Look for lighter materials 
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Appendix 11 Postal Questionnaire 
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Assessment of Hot Working Environments. 
This section deals with the practical issues that may arise when trying to assess workers in hot environments. 
Please indicate in the first right hand column, whetheryou Currently use (C), have used in the Past (P) or 
have Never used (N), any of the methods and or instruments described below when assessing hot working 
environments. Please rate those methods you have used or are currently use, for their ease of use using the 
following scale: (1=Impossible, 2=Very Difficult 3 Difficult, 4=Easy, S=Very Easy) 
Type or 
Pam Into 
Por. er 
Considered 
Mosinum TwtMathods s Iri*u<nerta ramd. GPM Rob 
(7 to 6 
Ernrirem+ert Air Temperature Mercury in glass 
Theimocoude 
Themiistor 
Platinum real stance thermometer 
Sem loonductor junction 
Radart 
Temperature 
T vio sphere radiometer 
Blade globe thermometer Large (f 50mm) 
Small (t40mm) 
Plane Radiant Temperature 
Humidity Whrhng Hygrometer 
E Iedrorwc Hygrometer 
Dewpolnt tedmique 
Hygrograph 
Humidity Probes (ie resistance or capacitance) 
P sytrrometer (eg Assman) natural 
forced 
Lithium Chloride Cell 
Armovemerß Hot Sphere 
Hot %oAm anemometer 
Kate-thermometer 
Indoor clim ate analyser 
Wet Blade Globe Temperature (WBG7)Meter 
Cldhirg Thermal insulation (do) 
Weigh of doting (eg light, medium, etc) 
Body part covered 
Emissivity 
Air Perm eablity 
Vapour ermeabdrty 
Worker Weight 
Height 
Work Rate E stun lion (eg light, medium, etc) 
Measuremerrt tV rysidogicd testing) 
Physiological PUserete 
Sweat loss 
Fluid intake 
Dehydration measures 
Hydration state of v orker before starting viork 
Body Temperature Aurel Qnner ear) 
measures 
_ oral 
Rectal 
Other 
State of acclimation 
Age 
Gender 
Health Status of the Worker 
Subjective Scales Thermal comfort scales (eg Bedford) 
378 
iducting a heat stress assessment of a workplace did you know that you would require the 
properties (clo value) of the clothing that the workers are wearing while in that workplace? 
YIN 
If Yes, please answer the following questions (circle as appropriate) 
Would you call In an 'expert" to estimate the thermal Insulation of the clothing? YIN 
Would you estimate the thermal Insulation of the clothing using tables etc? Y! N 
If yes, which of the following tables would you use? (Please tick as appropriate) 
93 Table© Manufacturers InfC] ACGIH Tables Other Ei 
If you ticked Other, please specific 
lties, if any, have you experienced estimating the thermal insulation of the clothingworn 
ting aheat stress assessment of aworkpl ace, did you know that you would require a value tl 
mt the work rate (metabolic rate) of the worker while conducing their tasks in that workplac 
YIN 
If Yes, please answerthe following questions (circle as appropriate) 
Would you call in an'expert"to estimate the work rate (metabolic rate)? YIN 
Would you estimate the work rate (metabolic rate) using tables etc? YIN 
If yes, which of the following tables would you use? (Please tick as appropriate) 
es Table© ACGIH Table) OtherD 
If you ticked Other, please specific 
379 
J. Please rate the fdloMng for reasons why control options MAY NOT be Implemented 
i. ) Poor commur cation etween the management and the people conducting the heat stress alses Always 
Ný' 
1 
IL) H anagement do not ree with assessment findings 
Always 
I I Nom' 
ii. ) Management conside that the cost of implementing controls Is too high. 
Always 
ý 
Never 
iv. ) Health & safety persog net do not know what the control options may be. 
1 Always Never 
v. ) Controls will change e eablished working procedures 
Always I I Never 
vi. ) Health & safety persognet are not confident with the findings of their heat stress assessment 
Never Always 
vif. ) Risk is perceived to be tolerable. 
Always II Never 
vii. ) Other risks (e. g. Cherjicaq are more obvious 
Always II Nawr 
N. ) Heat stress asses sý t shows a risk to workers but workers consider that there Is no risk 
Always II Never 
x. ) There Is a rr sunderstfnding that heat stress is restricted to hot working environments. IN Always 
2. Please rate the following for reasonswhy control options ARE Implemented. 
I. ) Problems have been Ipentified at managerial level due to decrease In production, Increase IrIsi ck leave etc 
Always II Never 
IL) Management acceptsisk assessment findings. I 
Always Never 
11. ) Management understands that the benefits of Implementing controls outwelgh the Initial costs. 
Always I Never 
Iv. ) Risk is perceived to bi Intolerable. ý I Always Never 
soirc e allocated to the health and safety requirements. es a v. ) Sufficient rr ý l 
ways 
I Never 
vi. ) Legal requirements - fonforming to statutory requirements 
Always II Never 
icati ý wn between management and health & safety personnel vii) Effective y ý I Never 
vii. ) Management respond$ rapidly to the need for change. 
Always I Never 
ix. ) All employees are Inverted In the process I Always I Never 
n x. ) Health &safety perso ýel are confident In the findings of their heat stress assessment r 
Always I Never 
380 
1. Please provide any information that you feel may be relevant regarding your experiences using heat stress Indices 
and standards. 
381 
Appendix 12 First Prototype of Observation 
Method used in User Trials in Paper Mills and 
Steel Mill) 
An example scenario was provided as an aide memoir. This has been provided as an 
example of the first prototype 
382 
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Interpretation of Example Scenario 
Use this section to interpret your observations. Itwill provide you with a PREDICTION OF RISK 
that the worker you observed will suffer from heat stress under the condition, that you observed 
Please follow the Instructions carefully. You wilI be required to make a few simple calculations 
and the tables below have been provided to help you do this. 
1 Each of the parameters you observed are presented below and each have 2 tables At the 
bottom of each of the previous checklists, you entered the number of ticks per column in the 
Subtotal Row. Please now write these sub-totals in the appropriate table below 
2. Then, multiplythe subtotal by the value of the column in which it appeared and erster the result 
in the row marked "Weighted Subtotal Equals" 
3. Add the figures in each row, and enter the result in the column called "Sum of Row" 
4. When you have done this please use the smaller table and enter the Weighted Subtotal above 
the subtotal from which it was derived. (see Arrows) 
5. Now, divide the Weighted Subtotal by the Environment Subtotal in the boxes below to obtain 
the Environment Total 
Environmental results 
Work Rate results 
Pat am et ei 
ik Rate - Subtotal 
o123 
0023 
6123 
Sinn of Row 
5 
subtoll by 
ted Subtotal 
eighted Subtotal 
ork Rate - Subto 
13 
Work Rate TOTAL SCORE 
Clothing results 
Parameter 
thing - Subtot, il 
= 2.6 
01231 Stint of 
101B 10 
9123 
Weighted Subtotal 
Clothing - Subtotal 
I Clothing TOTAL SCORE 1 2.6 
38 (6 
Interpretation of Risk 
4 
Now that you have simplified your observations into a Total Score for each parameter, it is 
necessaryto estimate the overall risk due to the interaction between them 
Write the Parameter Total Score that you obtained for each Parameter in the Table below 
Multiply each Score by the number shown and record the result in the Estimate of PI 1.1., fnr 
each Parameter column. 
Now add the figures in this column and divide by 6 to Obtain the Overall Estimate Of Risk. vv add the figures in this co lumn and divide by 6 to Obtain the Overall Estimat@ Of R 
Par. mcter Total E stirrute of Risk for ach P. mmetr 
Emriionmeirt Total Score 2 X1= 2 
Woik Rate Total Score 2.6 X2- 5.2 
Clothing Total Score 2.6 X3- 7.0 
Sum of Category Estimate of Risk 15 
divide by 6 
the OVERALL ESTIMATE OF RISK Is 2.5 
11 
How the Health Status of the Worker may affect this 
Now check the Health Status of the worker using the checklist below. Read each row carefully 
and tick the appropriate box. The checklist boxes are separated into 3 columns, each 
representing a maximum Estimate of Risk Score Guideline This number is only a guideline, 
and if someone is in an area that is above the recommended score, the appropriate controls 
and/or medical surveillance should be undertaken. 
To use the checklist, tick those boxes that are appropriate for the worker. When you have ticked 
the boxes, the ESTIMATE of Risk Score that applies for thatwnrker is taken from the category 
with the lowest SCORE. (So for example on the Scenario below, the Ma o murre '-ýi tot, Ti r. it ti ,i 
+; 11 rk er': 1iil1_1 ýLýrl. In , v': U111 be 1) 
If you have any doubt about the worker's Health Status then please see an occupational 
physician. 
Maximum Score Guidelines 
2 1 0 
Fitness of Worker Fit healthyworker Moderatelyfitworker Unfit worker 
State of Acclimation Acclimitised Q Non Acclimitised 10 
Pregnancy Status Not Pregnant Pregnant Q 
Health Status History of Q 
Cardiovascular illness 
Suffers from Asthma 0 
Suffers Diabetes U 
Level of Skill Skilled at job Semi-skilled at job Q NOT skilled at fob Q 
Level of Training Has been trained to Q Has had LIMITED Q Has NOT been Q 
do the job in the heat training to do the jot-, trained to do the jotb 
in the heat in the heat 
397 
Less than 0 0-1 1-2 2-3 Greater then 3 
Little or no risk of Worker may be Moderate risk of heat High risk of heat Unacceptable risks, 
heat stress experiencing thermal stress stress. 
discomfort but little Address control 
risk of heat stress. Moderate to high Address control options and redo this 
levels of thermal options and redo this assessmert. 
Disconfort may also discomfort being assessment 
lead to a decrease of experienced. Identity areas of 
performance. If estimate Is still conc em from thermal 
Subjective tests of Address control greater than 2 audit and Implement 
thermal discomfort options and redo this conduct a formal appropriate control 
may give you a better assessment thermal audit. strategies 
Idea of this. 
If estimate Is still Identify areas of It may be necessary 
greaterthan I concern from thermal to call In an export In 
If you feel I Is conduct a formal audit and Implement Human Responses to 
necessary, address thermal audit appropriate control Thermal 
control options and strategies Environments or 
redo this assessment Identi areas of Environmental 
concern from thermal it may be necessary Engineering. 
audit and Implement to call In an expert In 
appropriate control Human Responses to If controls do not 
strategies. Thermal result In a reduction 
Environments or of risk, ptysloioglcal 
Erwironmental monltoring of the 
Engineering. worker must be 
conducted. 
Physiological 
monitoring may be Worker most undergo 
required. regular medical 
examinations. 
Immediate changes 
must be 
rnenl d 
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Appendix 13 Questions & Moderator 
Discussion Prompts for Paper Mill Focus Group 
Usability Test & Discussion 
Observation Methodology 
Let's talk about Method 1 first: 
1. Are there any general comments that anyone would like to make? 
2. Did Method 1 provide sufficient information for you to OBSERVE the risks 
at both stations? Explain. 
3. What did you like best about the Method 1? 
4. What did you like the least about Method 1? 
5. What changes would you make to Method 1 if you were given the 
opportunity to redesign it? 
Let's talk about Method 2 now: 
1. Are there any general comments that anyone would like to make? 
2. Did Method 2 provide sufficient information for you to OBSERVE the risks 
at both stations? 
3. Explain. 
4. What did you like best about the Method 2? 
5. What did you like the least about Method 2? 
6. What changes would you make to Method 2 if you were given the 
opportunity to redesign it? 
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Now lets compare the methods. 
1. I'd like to go around the table and ask each of you to say which method you 
preferred and why, then I'll open the floor for you to comment about each 
other's comments. 
2. Do you think that management would accept the findings from an 
Observation as a basis for the implementation of controls? 
3. If not, should it be encouraged anyway? 
4. Does it help people look at heat stress risks in a different way? 
5. "Training Strategy for a Safe Performance" 
6. Motivating and Rewarding Safe Behaviour 
7. Attitudes, behaviour and attitude change 
8. Perception and risk perception 
9. Personality, work and accidents 
10. Groups and teams 
11. Stress, stress management and psychological health. 
12. Human error and human factors 
13. Managing human risks 
14. Direction for action 
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Identification of hazards 
DISCUSS EACH OF THE FOLLOWING IN TERMS OFLARGE MILLS 
AND SMALL AND MEDIUM SIZED MILLS. 
1. Is it common practice to inspect the work place to identify possible hazards? 
2. What about for assessing heat stress? (e. g. looking for a heat source, signs 
of worker fatigue. 
3. Are incidences that could be attributed to heat stress (e. g. fainting) and 
analysis of reports into accident? 
4. Are other methods used to identify the possibility of heat incidences taking 
place? can also play a part, by investigating material other than accident 
reports. The material could include: 
5. Productivity reports to identify any possible reduction in productivity, 
6. Human Resource Department - absentee rate, worker complaints 
7. Medical Records - Illness reported 
0 Worker Representatives (Unions) - worker complaints. 
Evaluate risks 
DISCUSS EACH OF THE FOLLOWING IN TERMS OF LARGE MILLS 
AND SMALL AND MEDIUM SIZED MILLS. 
1. Is there a formal heat stress assessment policy in the smaller mills? 
2. Do you think people know that there are specific legislation and relevant 
standards will dictate methods and indices to be used. 
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3. Do you think that a method such as the observation methods you tried, if 
adopted, would help improve the risk perception of those responsible for 
health and safety policy, employees and employers. 
4. Alternatively in-house checklists or methods could be used, so long as they 
provide a VALID prediction. 
5. What methods, if any are people using to identify hazards? 
6. Are there any systems or methods in use in the paper industry that have been 
developed specifically for the industry? 
7. How aware are you that PPE causes heat stress? 
8. Do you know how to estimate metabolic rate? Where do you get your 
information? 
Develop and implement controls 
DISCUSS EACH OF THE FOLLOWING IN TERMS OF LARGE MILLS 
AND SMALL AND MEDIUM SIZED MILLS. 
1. How do you think we could best help the development of technical skills and 
knowledge of both health and safety personnel and other employees? 
2. Ensure that whoever is to measure the environmental parameters knows how 
to do so. 
3. Ensure who ever is to interpret the index used to evaluate the risk of stress, 
knows how to use the index and what the results mean. 
4. The following are some of the suggestions for the development of procedural 
skills. 
5. Evacuation of worker suffering from heat stress. 
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6. Rehydration of worker suffering from dehydration. 
7. Resuscitation and other first aid procedures etc. 
8. Are there differences between the worker, manager and hygienist's attitudes 
towards heat stress? If so what are they?. 
9. It is generally not considered unless the environment is very hot. Additional 
information such as the affects of PPC and Work Rate on the worker must 
also be understood. 
10. Are worker's generally aware that their own behaviour could increase there 
risk to heat stress? 
11. Consequences such as dehydration. Here, for example., the consumption of 
a large amount of alcohol the night before may pose a risk to dehydration. 
12. Is worker motivation important? 
13. Worker's motivation to perform in hot environments will be decrease as the 
strain on them increases. Therefore moral should also be monitored. 
14. Responsibility etc. Are people responsible for watching out for each other 
while on the shopfloor? 
15. Does the organisation learn from mistakes such "near misses", accidents and 
incidents? 
16. Does the workers learn from mistakes such "near misses", accidents and 
incidents? 
17. How do you monitor "near misses"? 
18. Is there a procedure in place for providing feedback? 
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19. Does anyone have any ideas or experience of how this could best be done? 
20.1 know that St Regis is in the process of developing a risk assessment 
procedure to reduce heat stress. Is this being done with the input from the 
other mills? Why? 
21. What are the other mills doing? 
22. Have you looked into the development and implementation of valid 
performance measures whereby workers can be monitored by those 
responsible for health and safety policy as well as by themselves. 
23. How realistic is the implementation of an organisation wide policy of 
training an education that encourages safety culture that is aware of the risks 
of heat stress. 
A practical heat stress assessment method 
DISCUSS EACH OF THE FOLLOWING IN TERMS OF LARGE MILLS 
AND SMALL AND MEDIUM SIZED MILLS. 
1. From your perspective, what do you think management need to know about 
the problems you are having with the following: 
2. Carrying out a heat stress assessment? 
3. Working in the heat? 
4. Implementing controls 
5. From a management point of view, what do you think they think you need to 
know? 
6. Carrying out a heat stress assessment? 
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7. Working in the heat? 
8. Implementing controls 
9. How can we provide this sort of information to small and medium sized 
companies? 
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